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ENGLISH ELECTRIC’ 


switchgear 















High voltage air-blast 
circuit-breakers 
for outdoor service 





Tested for breaking charging 
currents of long lines 


Illustrated is a 165-kV, 3,500-MVA 
air-blast circuit - breaker recently 
tested for breaking line charging 


currents at Fontenay, France. 








The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2. 


Switchgear Department, Stafford 


WORKS: STAFFORD ° PRESTON . RUGBY . BRADFORD . LIVERPOOL 
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40 MVA 150/70/6,3 kV THREE PHASE 
TRANSFORMER 


Type RFR4 on load tap changing device on the HT side 


Installed at the Droogenbosch 
Power Station of the 
Union Intercommunale des Centrales Electriques 
du Brabant 





Aleliers de Constructions Electriques de Charleroi 


Charleroi - Belgium 
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The first four 19,000 h.p. 
Pelton Turbines installed 
for the Government of 
Mysore at the Jog Falls 
Station came into commer- 
cial service at the end of 
1948. 

Further extensions to this 
Station comprise four 
double runner 4-jet hori- 
zontal shaft Peltons, each 
designed to develop 32,500 
hp. under a nett head of 
1190 feet. 


Manufactured at the 
Works of Markham & 
Co, Lid., Chesterfield. 


OF 


Bevin 


ECOMPANY LIMITED 


WATER POWER ENGINEERS 


Head Office: 
56, KINGSWAY, LONDON, W.C.2, ENGLAND 


Branch Offices: Wellington: Druids Chambers, Woodward Street. 
Melbourne: 99 Queen Street. 
Representatives in all Calcutta: c/o Messrs. Macneill & Barry Ltd., 2 Fairlie Place. 
parts of the world. Chittagong :(Pakistan) c/o Messrs. Macneill & Barry Ltd., Strand Road. 


B.C.3 
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SG EC C low oil content 


500 to 1500 MVA, 
6°6 to S5KV. 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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1951 


The La Gabelle plant of the Shawinigan Water and Power Com- 
pany, containing five Dominion fixed blade propeller turbines 
of 35,000 H.P. each, at 120 R.P.M. under a head of 60 feet. 


Economy with 
DOMINION PROPELLER 
TURBINES 


For low head hydro-electric power plants, where high 
speed is essential for economy in capital cost, the 
fixed blade propeller turbine is often the most suit- 
able particularly when there are multiple units in 
the power house. 

The fixed blade propeller turbine is as simple in 
construction and operation as the lower speed Francis 
turbine. It does not require the complicated mechan- 
ism and governor control, in the rotating element, 
of the adjustable blade propeller turbine. Never- 
theless, the fixed blade propeller turbine, in many 
installations, utilizes the available hydraulic power 
as effectively as the more expensive type. 

Since 1921 Dominion Engineering have received 


MONTREAL, CANADA 
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orders for 89 fixed blade propeller turbines with a 
total rated capacity of 1,244,245 H.P., and are now 
manufacturing 14 units of this type, with throat 
diameter of 205”. Eight units, of 21,000 H.P. each, 
at 94.7 R.P.M. under a head of 40 ft. are for the 
Chenaux Development of Hydro-Electric Power 
Commission of Ontario, and six units of 19,000 H.P. 
each, at 94.7 R.P.M. under a head of 37 ft. are for 
the Pine Falls Development of Department of Mines 
& Natural Resources, Province of Manitoba. 

This background of experience, combined with a 
systematic research programme in our own labora- 
tory, is at your service. We confidently invite your 
enquiries. — 


CABLE: 


DOMWORKS 


f : - t eck a : . 
ee. fee a “ i 








STANDARD Generator Control 
desk and mimic diagram 

at Loch Sloy power station 
provides full facilities for 
direct indication and control 
of four 32 MW generators 
and six 132 kV feeders. 
Generator controls include 
Raise-Lower speed, 
Raise-Lower excitation 

and Open-Close generator 
circuit breaker. Fingertip 
controls operate 50V D.C. 
circuits at a few milliamps, 
enabling telephone cable to 
be used instead of the 
multi-core V.I.R. cable needed 
with older systems. All 
protective devices are 
continuously monitored and 
indicated by a STANDARD 


Direct Wire Alarm system. 


TELEPHONE DIVISION 


128 MW «a 
132 KV ance 
== |= fingertip 
= control 


epee for 30 years in the field of remote control 

of switchgear, Standard have installed systems 
throughout the world. Now, at Loch Sloy, Standard again 
lead with the first Miniature Direct Wire Remote control 
system to be applied to the control of hydro-electric 
generators. 

At Locu Soy, the most modern hydro-electric power 
station in the world, all turbine, generator, switchgear 
controls and meters necessary for synchronising and efficient 
loading have been centralised in the control room by means 
of Standard Miniature Direct Wire Remote Control. 

Using entirely telephone-type apparatus, this advanced 
control system convincingly demonstrates that miniature, 
easy-to-handle equipment is safe and reliable when applied 
to the control of the largest generators and is indicative of 
Standard’s ability to meet, in the field of telecommunications, 
the most exacting requirements of modern power generation. 


Srandard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London W.C2 
Oakleigh Road, New Southgate, London, N.II 
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AERIAL CABLEWAYS 
tor Hydro-Electric Schemes 
Night and day in all weathers 
Henderson Aerial Cableways 
consistently maintain scheduled 
construction programmes. The speed, 
economy and efficiency of Henderson 
Cableways are essential factors in large 
building, constructional and_hydro- 
electric undertakings. Henderson Cable- 
ways were used for the construction 
of the Dams at Loch Sloy and Glen 
Shira, North Scotland, Hydro- 
Electric Board, and _ various 
other home and overseas 
undertakings. 


JOHN M. HENDERSON AND COMPANY LIMITED KING’S WORKS . ABERDEEN 


Phone 24262 
WATER POWER August 1951 
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FACILITIES FOR THE SMALLEST OR LARGEST 


The 225-acre Newport News plant includes plate steel and machine shops equipped 
with a complete variety of tools to fabricate items of water power equipment of any size. 
Contracts received by Newport News for hydraulic turbines with an aggregate rated out- 
put in excess of 7,000,000 horsepower have included units as high as 165,000 horsepower 
and as low as 500 horsepower. 


Supplementing the extensive facilities are the equally important experienced and 
skilled personnel at Newport News to design and build such equipment. 


Your inquiries for hydraulic turbines of any size will receive prompt attention. 


Write for illustrated booklet on water power equipment. 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK CO. 
NEWPORT NEWS, VIRGINIA, U.S.A. 
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Delivered in one shipment from one supplier, 
a Westinghouse ““CSP’”’® Power Transformer is 
the quickest, easiest, most economical method of 
setting up a complete single-feeder substation. 
Eliminating expensive and time-consuming co- 
ordination of the 43 separate components re- 
quired for conventional substations, Westing- 
house “CSP” Transformers perform all the func- 
tions of a single-feeder substation—complete 
lightning, surge and fault protection; automatic 
voltage regulation, load switching and metering. 
They are neat, compact and easy to landscape. 


Simple to order, easy to install and maintain, 
“CSP” Transformers can be moved quickly and 








YOU CAN BE SURE 


“=Westinghouse 


WESTINGHOUSE 
40 Wall 
Ae. 
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ELECTRIC 
Street, 


ed 


<= Here’s a single-feeder substation | 


7 | delivered in Ge Conpoll Unit 
a @ 


inexpensively if load centers change. If loads 
grow, more units can easily be tied into the line. 
BETTER, MORE ECONOMICAL OPERATION 

In urban ... suburban... industrial and rural 
areas— Westinghouse “CSP” Transformers as- 
sure better operation through 3-way protection: 
against lightning and impulse voltages, system 
short circuits and dangerous overloads. Metal 
enclosed construction also eliminates service in- 
terruption from various external causes. All 
equipment—even safety fuses—is inside the cab- 
inet. Costs of maintaining ‘““CSP” Units are less 
than for any other single-circuit substation — 
regardless of type. 





~ 


XAXKX 


Soot ia st 


For complete information about W esting- 
house “CSP” Power Transformers write 
for your free copy of Booklet B-4692. 


COMPANY 


, 


INTERNATIONAL 
New York 5, U. S. A. 
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GREATEST FOOTAGE—LEAST FATIGUE 


The R.V.240—a rapid-striking drill specially designed for use with 
Tungsten Carbide bits—does the drilling, the ‘‘Maxleg” does the 
supporting and the operator escapes fatigue ; which is the economical 
way cf using both men and machines. Holes can be drilled in any 
position (even right down on the ground) and in the hardest rock with 
the same ease. As to speed, the pneumatic feed of the ‘‘Maxleg” 
ensures not only more accurate but also much faster drilling than is 
possible by hand. 

The R.V.240-MAXBIT combination used with the ‘‘Maxleg’’, ensures 
increased efficiency all round. 


CLIMAX ROCK DRIL & ENGINEERING WORKS LTD. 


4, Broad Street Place, London, E.C.2. Works: Carn Brea, Cornwall. 
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Hydro-electric schemes call for heavy 
electric plant of exceptional relia- 
bility. That is why water-power 
engineers turn naturally to BTH, one 
of the world’s greatest electrical firms 
and noted for the quality of its pro- 
ducts. But this is only one direction 
in which BTH are specialists. They 























Ye 
. 


The symbol ead P dy 


Best Electrical Equipment 


enjoy the same high reputation in 
marine circles, in mining, general 
engineering, and the aircraft indus- 
try. With over fifty-four years’ 
experience and eleven factories, 
BTH is able to give outstanding 
service in every sphere of electrical 
engineering. 


THE 


BRITISH THOMSON-HOUSTON 


COMPANY LIMITED, RUGBY, ENGLAND 








Member of the AE! group of companies 
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for 


HIGH VOLTAGES 


and in the 


LARGEST CAPACITIES 















ACKBRIDGE Transformers include some of the 

world’s largest units — in capacities up to 
94,000 kVA. three-phase and for voltages up to I70kV. 
—many of these being in service in hydro-electric 
power stations. 


Through over a quarter of a century, these — and 
all other types of Hackbridge transformers 
—have achieved a magnificent reputation 
for reliability and sound modern design 
and construction. 






An installation of large 
Hackbridge transformers 
in Australia. 





r 












Three 6,666 kVA_ single-phase 
Hackbridge transformers forming 
20,000 kVA 110/38.5/6.6 kV. 
3-phase bank. 









Oe eS 
ee 


Two 18,500 kVA. 3-phase 102/11/6.6 kV. 
banks of Hackbridge transformers insialled 
in Tasmania. 


HACKBRIDGE AND HEWITTIC ELECTRIC CO. LTD., WALTON-ON-THAMES, SURREY 


Telephone: Walton-on-Thames 760 (8 lines) Telegrams: “‘ Electric,” Walton-on-Thames 
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NO FUMES, NO NOISE 
NO GEAR CHANGE 
NO FUEL PROBLEMS 


LARGE OVERLOAD CAPACITY 


ALL WORKING PARTS READILY 
ACCESSIBLE 
EASY TO HANDLE 
LOW MAINTENANCE COSTS 
EASY START AND STOP 
Trolley Locomotives in sizes from 5 to 15 


tons, Gauge /9in. to 42in. with Trolley, 
Slipper or Pantagraph Collector. 


Battery types in sizes from 2 to 12 tons. 
Gauge /8in. to 42in. Battery container 
easily removable. 





The illustrations show combined Trolley Battery Locomotives 
& Supplied to the Vest Agder Hydro-Electric Scheme in Norway 


THE LOGAN MINING MACHINERY CO. LTD. 


GRAY STREET WORKS 


LOCHEE - DUNDEE 


Telephone: 68264-5 Telegrams: ‘‘WALCO"’ 
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Save 


Wiring Time 
x this way 








It always pays to buy the best rubber cable that is made— 
Crompton cable. 


You save in wiremen’s time because this cable 
| is easy to strip and easy to draw through conduit. 
ea ff : 

we 


Inch by inch, 
mile after mile, there is no variation in the high quality of con- 
ductor and insulating materials. 


For your next wiring job, 
specify Crompton cables; they are made in accordance with the 


standards and formulae of the C.M.A. of which we 
y are members. 


Special consideration is given to the requirements 
of Overseas Specifications. 
fi 


‘ (rompton 


RUBBER CABLES 


CROMPTON PARKINSON LTD. 


(OVERSEAS DIVISION), 
CROMPTON HOUSE, ALDWYCH, LONDON, W.C.2, ENGLAND 


Cables; Crompark, London. 


Branches or Agents in all the principal countries of the world. 
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SHoep WINDOW For BRITISH ENGINEERING 
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Tummel-Garry Scheme, Pitlochry Dam 





The North of Scotland Hydro-Electric Board are 
harnessing the water power resources of the High- 
lands of Scotland, which are estimated to have a 
potential annual output of 10,000,000,000 kilowatt 
hours, distributing electricity in an area of 21,750 
square miles and also supplying power to Britain’s 
National Grid. 


More than one hundred hydro-electric schemes are 
visualised in this development. 


Schemes with an estimated annual output of 

le 3,300,000,000 kilowatt hours and a _ kilowatt 
capacity of 1,126,000 are in operation, under 
construction or in preparation. 

On the doorstep of world-famous engineering firms 
the visitor will see a wide range of generating 
machinery and equipment operating under diverse 
conditions. 


NORTH OF SCOTLAND HYDRO-ELECTRIC BOARD 
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The SHORTEST distance between 
pie two points ccee 





economical 
where transport 
is concerned 


Made in Great Britain 


CERETT! & TANFANI ROPEWAY CO. LTD. 


Imperial House, Dominion Street, London, E.C.2. 
CLErkenwell 1777 (8 lines) 
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SWITCHGEAR 


for 
HYDRO 
ELECTRIC 
SCHEMES 


Three examples from the C and F 
range of Outdoor Oil Circuit 
Breakers are illustrated below. The 
complete range extends from 2,000 
volts to 138 kV for both indoor and 
outdoor service under the most 
arduous conditions. 





TYPE OFI 
OUTDOOR LOW OIL CONTENT 
0.C.B. rated up to 
2,500 M.V.A. 69 kV (A.S.A.) 


TYPE O€6 S. 
ouTpoor LOW o1t content, '900 M.V.A. 66 kV (B.S.) 


0.C.B. rated up to 


TYPE OES 1,500 M.V.A. 46KV (A.S.A.) FULL PARTICULARS SENT 


OUTDOOR LOW OIL CONTENT 


0.C.B. rated up to 1,500 M.V.A. 44kV (B.S.) ON APPLICATION 
1,500 M.V.A. 34.5 kV (A.S.A.) 


1,000 M.V.A. 33kV3(B.S.) 


COOKE  FERCUSON. 


VICTORIA STREET UPENSHAW eciatee cen 
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DISCHARGE REGULATORS FOR DAM OUTLETS. 


The Larner-Johnson valve possesses exceptional qualities for free 
discharge control. No other valve provides so complete an answer 
to the dual problems of high velocity flow and hydraulic unbalance 
associated with this duty. Being of true streamline form, it passes 
a smooth jet at all openings, giving freedom from vibration and 
erosion under the highest heads. Operation is by means of the pipe 
line pressure acting on the plunger, governed by an internal pilot 
valve control which holds the plunger in balance at all open positions 
(when stationary) and creates the appropriate unbalance for opening 
or closing. Ease of operation is thus ensured, irrespective of size or 
pressure. Simplicity of design, freedom from distortion troubles, 
absence of sliding surfaces under pressure, all contribute to the 
success of the valve over the full range of conditions. Some of the 
largest valves of their class are of Larner - Johnson type, among 


them the three 13 ft. by 7 ft. 6 in. and four 9 ft. by 7 ft. 6 in. regu: 


lators at Hume Dam, on the Murray River, Australia, certain of which appear in the adjoining photographic view 


J. Blakeborough & Sons Ltd., Brighouse, England. 


Full particulars from 


BLAKEBOROUGH | 
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75 Years OQERLIKON '876—195: 


Assembly at the Oerlikon works of a horizontal generator of 40,000 kVA. Two units of this output were supplied to 
a Power station in Norway. 


Some large generators under construction at the Oerlikon works : 
2 vertical units, each of 49,500 kVA for Egypt. 
| - unit of 50,000 kVA ,, Mexico. 
2 s units, each of 10,000 kVA _,, - 
2 horizontal units each of 63,000 kVA ,, France, 
5 horiz. units, total output 175,000 kVA ,, Switzerland. 
2 vertical units, total output 105,000 kVA __,, - 


QERLIKON ENGINEERING COMPANY, ZURICH 50 (SWITZERLAND) 


Agencies and Representatives : 
Great Britain: Oerlikon Ltd., Victoria House, Southampton Row, London, W.C.|.—United States: Pacific Oerlikon Company, 
Box 1133, Tacoma 1, Washington.—Canada: Oerlikon-Canada Limited, 1514 University Tower Building, Montreal.—India: 
larsen & Toubro Limited, P.O.B. 278, Bombay | .—South Africa: A. M. Burgun, Mech. Engineer, 604, Maritime House, 
Loveday Street, Johannesburg, 
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Poulaphouca, with this Hydro-Electric 
Station, takes its place on the map as a 
landmark of progressive Eire. The surge 
tank, penstocks and 100 ton power station 
crane are part of an Arrol contract which 
also called for the provision of a 70 ton 
inclined platform hoist shown on the left 


of the illustration. 


SIR WILLIAM ARROL & CO. LTD.,. GLASGOW. 


All types of Steel Framed Buildings, 
Fixed and Opening Bridges, Cranes and 
Mechanical Engineering work, Dock 
Gates, Sliding and Floating Caissons, 
Compressed Air Locks, Hydraulic 
Machinery, Pipe Lines, Surge Tanks, 
Sluices and other equipment for Hydro- 


Electric Stations. 





=’ NORTHERN 
<= iRELAND 








Station, Poulaphouca, Eire. Surge 
Tank, Pen-Stocks, 70 ton inclined Platform Hoist 
and 100 ton Power Station Crcne manufactured 
and installed by Sir William Arrol & Company 
Limited 


Hydro-Electric 
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WATER TURBINES 


KAPLAN: — 


Pipelines 
Sluice Gates 
Travelling Cranes 


i 
eS 


ENGINEERING WORKS THEQDORE BELL LTD. 
KRIENS/LUCERNE (SWITZERLAND) 


FRANCIS 
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Our 220-kV, high-power air-blast breaker 
underwent rigorous tests at the gigantic 
Grand Coulee Dam hydro-electric power 
station from the 14th to 18th March, 1951. 


The 220-kV_ air-blast  circuit-breaker 
shown here was installed in this well- 
known plant of the Bonneville Power 
Administration in the U.S.A., where 
switching tests have repeatedly been made. 
because nowhere else in the worid could 
short circuits of such immense con-zentra- 
tion of energy be initiated. Thirteen 
generators, each of 108000 kVA, and 
eight 230-kV lines, simultaneously {ed 
into the short circuit. The circuit-breaker 
satisfactorily coped with all short-circuit 
currents, even in the case of high-speed 
reclosing. The maximum asymmetry 
interrupted power, according to American 
standards, was 10.5 million kVA at 
238 kV, with an interrupting time of less 
than three cycles at 60 c/s. The main con- 
tacts—dismantled within a few minutes— 
were fully serviceable even after these 
severe tests. 

Thus, the Brown Boveri high-power 
air-blast circuit-breaker for extra-high 
voltages has given proof of its excellent 
characteristics under the most arduous 
operating conditions. 


Air-Blast 


Circuit-Breakers 
rupture 
high powers 
in America 





Ps 
7 


5 
ot 
ma 
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So far, about 1500 triple-pole air-blast breaker 
sets for €0 to 400 kV have been supplied to, 
and/or put into service, in 32 countries. Of 
these, 8 sets for 390 kV—having a breaking- 
capacity of 8.5 million kWVA—were supplied 


to Sweden. 


WATER POWER August 195l 








It is inevitable that nuclear energy will one day become a normal part of 
the routine of our lives, its use an everyday occurrence, its control as 
consistently conformable to rule, and as much teken for granted, as 


electricity is today. 


It is obvious that this control will require new forms of insulation, and 
undoubtedly somewhere in their construction porcelain will play a vital 
part... and it is equally obvious that only the finest porcelain will be 


good enough. 


This being so it is certain that the stamp of Taylor Tunnicliff will be as much 


impressed on the future as it is upon the insulators of modern times. 


TAYLOR, 
TUNNICLIFF 
PORCELAIN 


TAYLOR, TUNNICLIFF & CO. LTD. Head Office: EASTWOOD - HANLEY ~- STAFFS ~ Stoke-on-Trent 5272-4 
london: 125 HIGH HOLBORN, W.C.!. Holborn 1951. Factories at : Hanley, Stone and Longton, Staffs. 
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HE two illustrations show views of a 

section of the Lochaber Power Scheme, 
which involved the construction of three 
large Dams, about twenty miles of concrete 
lined Tunnels, five Pipelines each 3,200 feet 
long, a Power House, Factory foundations, 
Tail Race and ancillary works. 


NDON 


66 QUEEN STREET, LONDON, E.C.4. Telephone . CITY 2046 (15 lines) Telegrams : RUOFLAB, CANNON, LO 


AND AT EDINBURGH BAGHDAD NAIROBI BUENOS AYRES 
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94.57% is a world’s record for hydraulic 
turbine efficiency — and a Leffel turbine 
holds this record. That means you can 
specify Leffel hydraulic turbines with com- 
plete confidence that they will develop 
maximum power from the available water. 
And whether you sell it or use it, extra 
power means extra profit. 

Leffel turbines save your time, too. They 
operate year after year with minimum at- 
tention. Many Leffel turbines have been in 
continuous, profitable service for fifty years 


for 

maximum 
efficiency 
and years of 
trouble-free 
service 


specify LEFFEL hydraulic turbines 


and longer, and are still faithfully serving. 
They are designed to produce low-cost 
power. 

Specify Leffel and you specify perferm- 
ance — maximum efficiency, long life and 
freedom from work, worry and trouble. 

Leffel engineers are ready to work with 
you on preliminary or final plans, specifica- 
tions and installation data. Use the vast 
hydraulic turbine experience we have built 
up during the past 89 years. Write to us to- 
day. It will place you under no obligation. 


.) THE JAMES LEFFEL & CO. 


DEPARTMENT W @ SPRINGFIELD, OHIO, U. S. A. 


MORE EFFICIENT HYDRAULIC -POWER FOR 83 YEARS 
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MILLARS’ Mit22!""5..., 


This photograph shows 
the difficulties encountered 
in laying pipes in running 

sand. Note the collapse 
of the side of the trench 

and the permanent water 
level of 2 ft. 6 ins. below 


the ground level. 


Contract carried out by 
Messrs. Yarwood ( Altrine- 
ham) Lid.on housing site 


at Middlewich, Cheshire ~~] os 
£4 "VE, 


Another view of the same 
trench after dewatering 
by Millars’ Wellpoints 

and excavated to a depth 

of 10 ft. Sides of the 
trench are steeply battered 
and only the minimum of 


timber used. 





Write for further details to Dept. WP 7 


MILLARS’ MACHINERY COMPANY LIMITED 


Head Office : THORLEY WORKS . BISHOP’S STORTFORD . HERTS. Telephone : Bishop’s Stortford 6945 


Wellpoint Dept.: CROMFORD HOUSE . CROMFORD COURT - MANCHESTER 4. Telephone : Blackfriars 88134 
@ 33.663 
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Specialists IN THE DESIGN AND MANUFACTURE OF 


WATER TURBINES 


(UP TO 1,000 B.H.P.) 


OIL PRESSURE 
GOVERNORS 


SLUICE GATES 
AND COMPLETE 


HYDRO-ELECTRIC 
INSTALLATIONS 


The Armfield 
HYDRAULIC ENGINEERING 


CO.LTD. 
RINGWOOD : HANTS: ENGLAND 


Hand Controlled Pelton Turbine. 








ENPUNKO) 


Me ES: vie 2 : 
Switchgear: | 
CIRCUIT BREAKERS 


SOLATING SWITCHES 


INSTRUMENT 
TRANSFORMERS 


WITCHBOARDS, ETC 


Type PO/9I1 Low Oil Content Circuit Breaker for 80 kV, 
600 Amps, 1,000 MVA, installed at Paris Substation Esticino 
Company. 
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AIR POWER... 





When considering the installation 

of compressed air plant, whether 

in portable forr. or permanently instal- 
led, your foremost concern will be to 
get the compressor which will give you 
the years of consistent, trouble-free 
operation necessary to ensure that 
maintenance costs stay low. You will 
want exactly the long-term reliability 


that is so carefully engineered into Con- 





solidated Pneumatic Compressors. 

For here is pneumatic power in its 
most efficient form...from com- 
pressors that have won a world-wide 
reputation for low running costs over 
long periods. The full range of CP 
Compressors includes portable and 
stationary types in capacites ranging 
from 63 cu. ft. up to 500 cu. ft. For 


technical advice and specifications ... 
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THE LIFFEY POWER SCHEME FOR THE 
ELECTRICITY SUPPLY BOARD OF EIRE 


(EM TATION 


COMPANY .IMI 


The works illustrated above are those of the Liffey Power Scheme for the Electricity Supply 
Board of Eire, built in the years 1937/43; a repeat order for the works of the Erne Hydro- 
Electric Scheme—a development of 75,000 kVA—is rapidly approaching completion. 

The Cementation Company has had over twenty years’ experience in civil engineering 
construction and has unique experience in tunnel driving and shaft sinking under the most 
difficult conditions. 

Recent major contracts include the Clunie tunnel of the Tummel-Garry Hydro-Electric 
Development in Scotland—23 ft. equivalent internal diameter and nearly two miles long— 
the largest water tunnel in Great Britain; and an eleven mile section, wholly in tunnel, 
of the Haweswater Aqueduct for supplying water to the City of Manchester. On the latter 
contract, where conditions have proved to be exacting and arduous, scheduled progress has 
been maintained despite encountering heavy ground pressures and large water inflows of 
over two million gallons per day in one heading. 


BENTLEY WORKS —DONCASTER 


TELEPHONE : DONCASTER 54177-8-9 
‘ONDON OFFICE 39 VICTORIA STREET, S.W.I - - TELEPHONE ABBEY 5726-7-8 
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designed and supplied by Blaw Knox— 





and tested... 


Blaw Knox Transmission Towers 
were supplied through our agents 
Messrs. Richardson, McCabe & 
Co. Ltd., Wellington, for the 
Bunnythorpe-Haywards 220 kv 
line of the New Zealand State 
Hydro-Electric Scheme. The 
specification called for strin- 
gent tests corresponding both 

to normal line loading and 
broken wire conditions, which 
were carried out at the Tower 
Testing Station of Painter 
Bros. Ltd., Hereford. 
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3), ALUMINIUM 
es” CONDUCTOR 


BICC Steel-Cored Aluminium Conductor is being supplied for the 


British Electricity Authority's new 275 kV Super-Grid. The 223 mile 





long Staythorpe-Barnby Moor section, comprising 
99 towers supporting 1,000 ft. spans, is now under For inter- 


; ; m connection between 
construction by BIC Construction Co. Ltd. 


overhead lines and 
Because of its great tensile strength, lightness and sub-stations BICC 


, , — " . _ also supply 
relative high corona limit BICC Steel-Cored Aluminium pp" 
Impregnated Pressure 





Conductor has proved suitable for very high voltage ; 
Cable for voltages up to 


lines on transmission systems all over the World. 275 kV—as illustrated. 
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S.E. Asia—Opportunity and Warning 


AST month we discussed the task of repowering 
Des We have now to consider the even wider, 
but not less important field of the Far East, to 
which the eyes of the world have been anxiously 
turned during the last twelve months, and rather more 
hopefully in the last few weeks. The slight easing 
of the international tension brought about by the 
armistice talks on Korea, however, affords no oc- 
casion for any slackening of effort by the western 
powers. What it does call for is a change of direction 
—in fact a redirection— of development plans. It 
demands a new and intense concentration on develop- 
ments that will produce dividends in the form of 
improved conditions for the increasing millions of 
South-East Asia in place of the almost wholly un- 
economic expenditure associated with war armaments. 
What may fairly be termed the free world’s armed 
preparedness is too frequently regarded as a full 
armaments programme. In fact it is nothing like that. 
A fairly reliable estimate has put the present defensive 
efforts of the western powers generally at not more 
than 25 per cent. of an all-out armaments drive. In 
this respect Mr. Paul Hoffman, the former head of 
the U.S. Economic Co-operation Administration, put 
the situation concisely but clearly in Lisbon recently 
when he observed: “If the free world will use its 
resources it can make such progress in this decade 
of the fifties that no force will ever dare to attack it.” 
The Colombo Plan for South-East Asia presents a 
notable opportunity for the wise employment of these 
resources. But to-day, at the outset of its practical 
application and implementation, it discloses a dis- 
concertingly contrasted, two-sided picture. The pro- 
gress of the technical bureau associated with the plan 
was seen last month at the second policy meeting of 
the Council for Technical Co-operation. The appoint- 
ment of Mr. Geoffrey Wilson, assistant secretary of 
the United Kingdom central planning staff as director 
of the bureau is an indication that this progress will 
be continued, and, given favourable conditions, 
accelerated. It is to be hoped, indeed, that all non- 
Commonwealth countries in the vast area covered by 
the plan will become full members of the bureau. 
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Against this hopeful technical advancement has to 
be placed the equally important, but at present less 
satisfactory financial side of the picture. Doubts have 
been expressed in some quarters as to whether the 
full financial support needed will be realised. Yet 
there is no part of the world in which the need for 
effecting economic improvement is more urgent. 
Everywhere in the area populations are increasing, 
and if rates of increase are maintained the present 
population of some 570 million will have grown to 
something like 720 million before another score of 
years have passed; an increase, be it noted, approxi- 
mating to the total population of the United States 
to-day. Increased production, both agricultural and 
industrial, is essential to provide for this substantial 
growth in population. As the plan itself very properly 
emphasises, “the problem is one of increasing the 
capital equipment of the countries not only to keep 
pace with the growing population but also, through 
increased production per head, to permit some rise in 
the level of consumption.” 

Power resources there are in plenty in this 
economically poor—because undeveloped—area of 
the world. Experts who have worked long in investi- 
gating the situation declare categorically that “ the 
hydro-electric power resources of the area have hardly 
yet been tapped,” and in nearly all the countries the 
application of capital would enable large tracts of 
land to be brought under cultivation. The fuel and 
power development programmes of the British 
Commonwealth countries within the plan — India, 
Pakistan, Ceylon, Malay and British Borneo—repre- 
sent together an expenditure of roughly £122 million, 
or six per cent. of the total estimated expenditure on 
the entire South-East Asia Commonwealth pro- 
gramme of £1,868 million. In fact, electric power is 
one of the three basic developments vitally necessary 
to raise production of food and the raw materials for 
agriculture, and, like the other two, agriculture and 
transport, calls for acceleration and broadening of 
work in many instances already in progress. 

What tangible results will flow from such Common- 
wealth developments? In terms of electrical power it 
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will mean an increase of between 60 and 70 per cent. 
in generating capacity (1,100,000 kW), 13 million 
more acres under cultivation, 6 million tons more of 
food grains, and 13 million acres more under irriga- 
tion (a 17 per cent. increase). Such an access of pro- 
ductive energy also wouid strengthen the financial 
position of the countries, both internal and external. 

Admittedly this of itself would not raise the 
standards of living. Inevitably that must be a long- 
term effect. What the programme will do is to lay 
the foundations upon which can be superimposed the 
real Plan for Progress, leading to a more settled and 
satisfied, and therefore less vulnerable, South-East 
Asia, and a lessening, perhaps even a cessation, of 
world tension with its constant threat of world war. 
In pursuit of this aim the multi-purpose power and 
water projects alone can realise the all-important 
expansion of agriculture. Hence the great demand 
throughout the area for electrical, civil, mechanical 
and hydraulic engineers. 

But the shortage of capital is still a main obstacle, 
and such capital must come largely from foreign 
investment. In the six-year planning period which 
opened last month the amount of external finance 
required by Commonwealth countries in the area has 
been put at nearly £1,100 million. It is a massive total, 
yet perhaps not too massive if international financial 
organisations remember the Commonwealth Consulta- 
tive Committee’s warning that “in an age when other 
countries are increasingly reaping the advantages of 
scientific and industrial advance, the hastening of a 
similar process in Asia cannot safely be delayed.” 


Colombo Plan Warning 


Uneasiness about the progress of the Colombo 
plan, especially in the fields of finance and supplies, 
is expressed by Mr. V. K. Rao, director of the Delhi 
School of Economics, giving an Indian view of the 
plan in the July number of Lloyds Bank Review. 
After stressing the importance of United States’ co- 
operation in the six-year plan outlined, he urges the 
Commonwealth Governments who are participating 
to set up a joint agency to deal with financial co- 
operation, as they have already done for technical 
co-operation, incidentally the one field in which some- 
thing like practical progress has been achieved. Mr. 
Rao warns that unless this machinery of financial and 
supplies co-operation is completed and functions 
actively there is little chance for the plan, as such, to 
succeed “and the grand conception of a multi-lingual 
and multi-racial Commonwealth working in co-opera- 
tion to raise living standards within the less developed 
parts of its area would really have been in vain.” 


Europe’s Raw Materials Shortage 


DeveLopMENtT of the electricity position in 
Europe during recent months is one of many aspects 
examined in the second report by the Economic Com- 
mittee of the Organisation for European Economic 
Co-operation. The exceptionally favourable condi- 
tions experienced during the past winter, it records, 
have enabled the production of electrical energy from 
hydraulic sources to reach a high level, while the 
shortage of coal has adversely affected the output of 
electricity from thermic sources in countries where 
this is the main source of power. Additional produc- 
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tion capacity is urged in the supply of electric power 
as a principal means to a general increase in the pro- 
duction of various raw materials now in short supply. 
“International co-operation,” it is urged, “must en- 
able every member country to avoid exhausting itself 
in a multitude of less productive efforts, and to con- 
centrate resources so as to increase the output of 
commodities which it is best fitted to produce.” 


Rhodesia Looking Ahead 


THe far reaching effects of the Kariba Gorge 
hydro-electric scheme for Southern Rhodesia are the 
subject of significant comment in the latest progress 
report of the Prime Minister, Sir Godfrey Huggins. 
in regard to railway development. Big decisions will 
soon confront Southern Rhodesia, but the Prime 
Minister has assured the United Party Executive that 
each will be fully investigated, as the Government 
insists on a sound economic basis for the country’s 
development. The Inter-Territoriai Hydro-Electric 
Commission a few weeks ago received the report of 
the consulting engineeers on the Kariba Gorge 
scheme, and after examination the Commission has 
recommended its adoption in general and commence- 
ment of work as soon as possible. 


£43! m. Initial Scheme 


Tue Commission recommends the establishment of 
a Rhodesian Hydro-Electric Authority to finance, 
control and administer all installations at Kariba, to- 
gether with the main transmission lines and associated 
equipment. The initial installation at Kariba would 
be of 385 MW for transmission at 220 kV to the two 
principal consuming centres—the copper fields of 
Northern Rhodesia and the Salisbury Midlands area 
of Southern Rhodesia. Estimated cost of the initial 
installation is £43.519 m., of which £23.424 m. is for 
heavy and light civil engineering works and £20.095 
m. for the generating station, plant and transmission 
lines. Several years will be required for construction 
of works, and the Commission estimates that a mini- 
mum of eight years will be needed from receiving 
authority to proceed to the availability of power at 
consuming centres. The advisory panel of consulting 
engineers, on whose recommendations the Com- 
mission’s report is based, consisted of Sir William 
Halcrow, M.I.C.E., M.I.Mech.E., partner of Messrs. 
Sir William Halcrow and Partners, London (chair- 
man) and Mr. H. J. F. Gourley, M.Eng., M.I.C.E., 
partner of Messrs. Binnie, Dean and Gourley, London 
(civil engineers), and Mr. C. H. Pickworth, M.I.C.E., 
M.L.E.E., partner of Messrs. Preece, Cardew and 
Rider, London, and Mr. G. E. Kennedy, M.A. 
M.I.Mech.E., M.I.E.E., partner of Messrs. Kennedy 
& Donkin,-London (electrical engineers). 


Venezuelan Progress 


THE Electricity Department of the Venezuelan 
Development Corporation is collaborating with the 
Irrigation Department in a multi-purpose hydro- 
electric scheme on the River Cojedes in Estado Por- 
tuguesa. A large dam is to be constructed to the 
north of San Rafael de Onoto, and will be fed by the 
Rivers Turbio, Nirgua and Cojedes. The dam wall 
will be approximately 654 feet in length, and it is 
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designed to irrigate an area of 123,500 acres. The 
available head will be of the order of 164 feet, and 
the initial hydro-electric development proposed en- 
visages two generating sets each of 4,125 kVA. The 
power generated will be taken to a 33 kV transmission 
line to the towns of Araure and Acarigua, where there 
are a number of saw-mills. It is estimated that the 
plant will be in operation in about 1955. 


Sir Edward McColl 


By the death of Sir (Albert) Edward McColl, the 
North of Scotland Hydro-Electric Board, of which he 
was Deputy Chairman and Chief Executive Officer, 
has suffered a very severe loss. Sir Edward McColl 
was more than a brilliant electrical engineer, he was 
a great and practical patriot who put his talent to 
work in the service of his native land; and the Board’s 
great projects will be seen as monuments to him all 
over the Highlands. 

A Scotsman by blood and by instincts, he saw in 
the harnessing of water power a source of regenera- 
tion for the nation he loved. The idea of using this 
source of energy had absorbed him as a young man 
and long before the Hydro-Electric Board had sprung 
into being he had surveyed the catchment area of 
what is now the Sloy scheme. 

Sir Edward, who was 68 years of age at the time of 
his death, had a romantic career. Although recognised 
as one of the outstanding engineers in Britain, he was 
content to spend his working life in Scotland, where 
he served a youthful apprenticeship in John Brown’s 
yard. In more recent years he was a very keen sup- 
porter of the Edinburgh Festival, and the perfor- 
mances of the Glyndebourne Opera Company gave 
him great delight; he was a clan historian and had 
a life-long interest in folklore. 

Sir Edward endeared himself to his colleagues and 
he certainly took just pride in the thought that he 
was helping to bring light and warmth to a part of 
the world that had found these comforts difficult to 
obtain; he saw the Board as an agency which might 
galvanise the whole life of the Highlands and send 
inspiring vital currents through the people whose in- 
terests had been neglected. The restoration or the 
introduction of intelligent craftsmanship were also 
objects dear to his heart. 

Because of Sir Edward McColl’s death the opening 
ceremony at Clunie power station near Pitlochry, 
which was to have been performed by Lady McColl 
in June, was cancelled—the ceremony was to have 
marked the completion of the first stage of the 
Tummel-Garry scheme. 


Needs of Turkey 


RECOMMENDATIONS to help Turkey’s further 
economic progress are made in a report of a mission 
sent to the country under the sponsorship of the 
International Bank for Reconstruction and Develop- 
ment in collaboration with the Government of 
Turkey. Although industrialisation, in the opinion of 
the mission, is a desirable goal, agriculture must be 
the base for further development since higher farm 
income means higher national income and bigger 
markets for industrial goods. Conservation and 
better maintenance of plant and equipment, and the 
more efficient use of existing resources is regarded as 


WATER POWER August 1951 


being equally important with the actual expansion of 
resources. The report anticipates a declining level 
of government investment in industry and mining, 
but an increasing level of investment in power, since 
greater power facilities are essential to private expan- 
sion, but are not likely to be privately financed to 
any great extent. Mr. Theodore J. Kauffeld, Con- 
sulting Engineer and President of Devenco, Inc., 
U.S.A., was the specialist in energy and power on the 
twelve-member mission. 


Sweden’s Power Supply 


Onty about five per cent. of the rural homes of 
Sweden are now without electricity, according to an 
announcement in the Anglo-Swedish Review. A 
report on the country’s power supplies shows that 
power consumed in Sweden during last year amounted 
to 18,300 million kWh, corresponding to 2,600 kWh 
per inhabitant. The completion of a number of 
hydro-electric power plants now under construction 
will bring the total capacity up to nearly 25,000 mil- 
lion kWh, including a five per cent. additional poten- 
tial of steam generated power a year towards the end 
of 1954. About 50,000 rural homes still remain to 
be connected up. 


St. Lawrence Dual Project 


THE interest of Canada and the United States in the 
big plan for utilising the St. Lawrence seaway to 
provide power for both countries has been revived 
again during the past few months, with sharply con- 
trasting viewpoints on desirability and practicability. 
New discoveries of mineral wealth and the possibili- 
ties of the development of nuclear power have each 
played an important part in the formation of public 
opinion on the project. The United States Secretary 
of State (Mr. Acheson) and General Marshall, U.S. 
Secretary for Defence, are two of the leading figures 
in that country who have signified their support of 
the scheme, an attitude no doubt contributing largely 
to the introduction earlier this year into the U.S. 
Senate of a resolution in its favour. 


Power and Transport 


Ir would be a dual power and navigational project, 
for the authors envisage construction of a deep water 
channel for navigation from the eastern end of the 
mouth of the river to the Great Lakes, while the 
development of hydro-electric power is calculated to 
generate about two million additional horse power, to 
be shared in equal proportions between New York 
State and the State of Ontario on the other side of the 
river. The Bill now introduced in-Washington pro- 
vides for New York State to purchase works on the 
United States side for power development, but there 
is division of views about the construction of the 
navigational channel. Factors operating here are, 
first, the decline in high-grade iron ore supplies from 
Minnesota and, on the other side, the large-scale 
development of similar deposits in the region of 
Labrador, which could be shipped up river by the 
proposed new channel. These plans, of course, are 
bound up with the all-prevailing problem of defence. 
Short-term developments in the international situa- 
tion therefore may well constitute the deciding point 
for the entire scheme. 
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Hydro-Electric Researches in France 


The hydraulic laboratories of the Ecole Nationale Supérieure d’Elec- 
trotechnique et d’Hydraulique de Toulouse were founded in 1918 by 
Professor C. Camichel, Membre de I’ Institut who directed them for 
more than twenty years. Jn this article L. Escande, Professor at the 
Faculté des Sciences, Director of the Ecole Nationale Supérieure 
d’ Electrotechnique et d’ Hydraulique de Toulouse; Consulting Engin- 
eer (1.E.T.) surveys some of the work being carried out in the 
laboratories. 


HE hydraulic laboratories of the Ecole Nationale 

Supérieure d’Electrotechnique et d’Hydraulique 

de Toulouse, some of which are at the School 
itself and the others some 2 kilometres away at Ban- 
leve, on the Garonne, are provided with the most 
up-to-date instruments and equipment and are dis- 
tinguished by characteristics which place them in the 
front rank of the hydraulic laboratories of the world. 
The facilities include a tower 30 m. (99 ft.) high and 
cross section of 20 sq. m. (215 sq. ft.), an above- 
ground reservoir 6 m. (20 ft.) high and 20 sq. m. 
(215 sq. ft.) section (Fig. 1), basins of large capacity, 
channels and pipes of all sizes, numerous pumps giv- 
ing circulation deliveries with a total of 2,000 litres 
per sec. (440 gal. per sec.) observation channels and 
pipes, etc. Briefly, the Banleve establishment is 


claimed to be the only hydraulic laboratory in the 

world possessing simultaneously :— 

(1) An area of level ground exceeding | hectare (2-5 
acres) for large reduced-scale models (Fig. 2). 


(2) A calibrating basin with a wet section of 4 m. 
(13-1 ft.) wide, 3-50 m. (11-5 ft.) deep and 117 m. 
(384 ft.) long (Fig. 4). 

(3) A wind tunnel with an air stream of 2:40 m. 
(7:9 ft.) diameter and a velocity of 40 m. per sec. 
(131 ft. per sec.) (Fig. 5). 

(4) Two large channels, one straight, 117 m. (304 ft.) 
long, and with an internal section of 14 sq. m. (150 
sq. ft.) and the other with varying sections and 
elbows; these two channels are fed by the natural 
fall of the Garonne and gravity flow is controlled 
by sluices, the discharge of each channel exceed- 
ing 20 cu.m. per sec. (4,400 gal. per sec.) (Fig. 6). 

The laboratory at Anthony Falls in the U.S.A. which 

is also supplied from a natural fall, is the only one 

with a comparable flow. 

Since 1924, the laboratories have had to study 
with the help of small-scale models many important 
schemes executed in France or abroad. Within the 
scope of this article, we can hardly even enumerate 
the 75 schemes studied in this’ way, but it may be 
said that most of the models were constructed on a 
scale ranging between 1/25 and 1/50, 1/40 being the 
value most usually adopted. These investigations 
have made possible remarkable achievements in re- 
gard to safety, economy and efficiency. 


Range of Researches 

It is quite impossible, in this article, to mention 
all the investigations carried out, since the inception 
of these laboratories, by the scientists and engineers 
who have worked here under the inspiration and 
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guidance of M. Camichel and among whom the 
author would mention Messrs. Eydoux, Foch, 
Ledoux, Pichot, Ricaud, Dupin, Teissie-Solier, 
Crausse, Baubiac, Boujon, Castagnetto, Otsubo, 
Laszlofly, Castex and Nougaro, but an idea of the 
range of these investigations is conveyed by the state- 
ment that the work carried out by the author of this 
article, individually or in collaboration, has given 
rise to more than 210 publications, including 13 which 
have been put on sale in bookshops. In these cir- 
cumstances we must confine ourselves to mentioning 
the fundamental work of M. Camichel on water ham- 
mer and the remarkable chronophotographic method 
he devised of measuring velocities, to the researches 
of MM. Dupin and Tessie-Solier on vortices and to 
a few of our own investigations, some of which are 
still in hand. 


Researches on Similitude 

From the theoretical point of view, we will con- 
fine ourselves to the general classification of the 
various types of flow, to the similitude applicable in 
turbulent conditions, to demonstrating the non- 
similitude of air-entrainment phenomena, to deter- 
mining the degree of roughness to be adopted for the 
models with or without distortion, and to the rela- 
tion between the sand dunes of the desert and the 
undulations modelled by water on sand (Fig. 7). 

Theoretical considerations indicate that in most 
practical applications precise similitude does not 
exist. The technique ot tests on models is therefore 
based on approximations of which the importance 
must be determined in each case. We have followed 
this task systematically, striving to extend the useful 
range to a maximum both by utilising the facilities 
offered by the laboratory and by making full-scale 
determinations at large industrial works. 

These studies have been directed to the most 
varied types of flow; resistance of submerged bodies, 
wakes, orifices, eddies, vortices, viscous tiuids, con- 
stricted and unconstricted weirs, floodwater evacua- 
tion, piers and dam sluices, pressure pipes, collecting 
aqueducts at the Miegebat station, penstock pressure 
release at the Carcanet station, fish ladders, aqueducts 
for filling the large dry dock at Le Havre (Figs. 8 
and 9), determining and plotting the currents found 
at the Vives Eaux dam on the Seine, air entrainment, 
balancing chambers, etc. 


Velocity and Discharge Measurements 

The systematic employment of M. Camichel’s 
chronophotographic method has permitted the ex- 
tension of its application to the field of turbulence, 
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Fig. 1. Hydraulic laboratories of the Ecole Nationale Supérieure d’Electrotechnique et d’Hydraulique de 
Toulouse at Banleve 


to confirm the non-rotational character of numerous 
types of flow, as well as to the improvement of the 
Pitot tube. The utilisation of this tube with a com- 
pensating pump has led to a linear graduation and a 
high degree of sensitiveness at low velocities. We will 
also mention the researches of inclined weirs and on 
Ow meters—the influence of weir inclination on the 
tate of approach, the influence of a wall or of a free 
surface, on the influence of calibration of a meter 
under too restricted conditions or calibration by 
paddle wheel. 
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Dams, Weirs and Flood-Water Channels 

These researches (see Fig. 10) have revealed the 
non-rotational character of the movement apart from 
the boundary layer in contact with the facing stone- 
work, the justification of Prasil’s graphic construction 
(Figs. 11 and 12), the frequent existence of depres- 
sions, the presence of a horizontal-axis eddy at the 
foot of the upstream wall, as well as the distribution 
of the velocities, the pressures and the energy in the 
liquid mass and along the sill. 

The study of lateral constrictions has demon- 
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strated the advantage of abut- 
ments with pronounced for- 
ward upstream rake, and of 
streamlined section by means 
of which the effect of the con- 
striction is practically elimina- 
ted. The downstream part of 
the abutments can be dispensed 
with without causing any 
trouble to the flow, as evidenced 
in Fig. 13. 

Finally, we would mention 
the pulsation of the weir dis- 
charge that sometimes occurs 
when there is a downstream 
standing wave. This _ takes 
place whether the bed is re- 
sistant or liable to scouring, 
the phenomenon in the latter 
case being accompanied by 
corrugation of the bed. 

Our first investigations on 
the Creager crest, the best sec- 
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Fig. 2 (above). Level area for large reduced-scale models. The 
available exceeds 1 hectare (2:5 acres) 


space 


Fig. 3. Aerial view showing location of the Banleve laboratory on the river 


Garonne 


POWER August 


1951 





Fig. 4. View of calibrating basin 


tion in the absence of suction, have just been com- 
pleted—though the results have not yet been pub- 
lished—by the study of Creager sills operating under 
suction and under a head exceeding that correspond- 
ing to that for which they were designed; within 
certain limits, which we have determined, these flat- 
tened Creager crests ensure very stable operation, to- 


gether with a high coefficient 
of discharge (m=0-54). Inves- 
tigations now in hand give 
every indication that we may 
shortly develop perfectly stable 
sills, based on entirely new 
principles, having a consider- 
ably higher coefficient of dis- 
charge. 

The case of dams _ sur- 
mounted by discharge sluices 
or sector gates has also been 
studied exhaustively (Figs. 15 
and 16). 


Adjustable Weirs 


The operation of partially 
raised sluices has been studied 
theoretically and experimen- 
tally (Fig. 14). The basic for- 
mule thus established have 
been expressed by _ graphs 
easily applicable whether the 
movement is flooded, critical 
or exposed. Some curious cases 
of multiple and indefinite solu- 
tions have been discovered 
where there is a sudden lower- 
ing of the floor of the chan- 
nel on the downstream side of 
the weir. In certain conditions 
for the same sluice opening 
and for given upstream and 
downstream levels, the discharge can have two dif- 
ferent values, depending on the configuration assumed 
by the overflow. Finally, as with weirs, an alternating 
movement of the sluice discharge is sometimes 
observed. 

The simultaneous operation of adjustable crest 
gates and bottem sluices, which has been studied in 


Fig. 5. Exterior view of the wind-tunnel building 
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great detail, can give rise to a 
particularly dangerous pulsa- 
tion when aeration is absent 
or insufficient. Fig. 17 indicates 
some aspects of these pulsa- 
tions, the amplitude of which 
would be several metres with 
a periodicity of only 2 sec. for 
a sluice 12 m. high; the 
violence of this action would 
be sufficient to destroy the 
structure. 

We also mention the advan- 
tage of streamlined piers, 
which give greatly reduced 
losses, the formule giving the 
fall in level caused by flow 
through a passageway, the pos- 
sibility of eddy resonance aris- 
ing behind round piers and 
the transverse movement of 
the water surface which may 
result, and finally certain 
anomalies due to current inter- 
ference, evidenced by the fact 
that a passageway 20 m. wide 
can have a discharge per metre 
run nearly 30 per cent. greater 
than that of one three times 
as wide under the same con- 
ditions. 


Excess Pressure in Pressure 
Pipes 

Among the numerous 
theoretical investigations car- 
ried out in this field, we men- 
tion the following which have 





Fig. 7. Undulations in desert sand (above) and foreshore sand (below) 
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Fig. 6. Test channel 304 ft. long by 150 sq. ft. section 











only become possible by 

methods of calculation that 

have been specially established 
for each case : 

(1) A theoretical study of the 
excess pressure generated in 
a pipeline by a non-sinu- 
soidal periodical disturb- 
ance maintained at the 
downstream end of the 
pipeline. 

(2) A theoretical study of the 
excess pressure caused by 
the closing of a balanced- 
disc valve placed at the 
downstream end of a pipe- 
line, following a breakdown 
of the control equipment. 
This investigation, carried 
out after the accident which 
occurred at the works at 
Sainte - Etienne - Cantales, 
emphasised the need for a 
shock-absorbing closing de- 
vice connected with the 
disc valve. 

(3) A theoretical study of the 
law controlling the closing 
of a  servomotor-operated 
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at Paolo Afonso, Brazil, and at Bort-les-Argues, 
France. 

(5) A theoretical study of excess pressures arising 
from the separate or simultaneous operation of the 
inlet sluice, the control valve and the guide vanes 
of a turbine. This work was carried out in con- 
nection with the construction of the Genissiat 
station; it has allowed us to arrive at a particularly 
clear conclusion in the most general case, whether 
there is an anti-vacuum valve or air escape valve 
or not on the pipeline ieading to the turbine; in 
all cases the highest excess pressure is due simply 
and solely to the closing of the guide vanes, the 
other closing devices remaining open. We have 
thus demonstrated that practically speaking no 
real problem arises from water hammer in the 
pipeline. 

Fig. 8. Dry dock at le Havre (6) A theoretical study of excess pressures arising in 

an inlet system where the surge chamber is con- 
HIGH TIDE 15-50 METRES nected to the common point on the inlet channel 
and the pipeline by a tunnel of considerable 
length. This investigation, carried out in connec- 
tion with the installation at Brevieres, has allowed 
us to establish that the surge chamber, although 
amply dimensioned and very expensive, allowed 
an excess pressure to penetrate into the inlet chan- 
nel, which, far from being negligible, attained half 
the maximum water-hammer effect experienced 
at the guide vanes. This study determined the de- 
signer to adopt a solution eliminating the surge 
@ T.H.DRY DOCK chamber. 

(7) A theoretical determination of the closing opera- 
tions producing the maximum excess pressures, 
and the values thus attained by the water-hammer, 
in the case of closing devices giving a bilinear 
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Fig. 9. Curves showing the filling of the actual dock 
and of a 1/25 scale model. In the actual dock the 
time T is taken from the moment at which H passes 
the 4 m. mark 


balanced-disc valve placed at the downstream end 
of a pipeline, taking into account the resulting 
water-hammer effect, and the determination of 
the corresponding excess pressure. This investiga- 
tion carried out in connection with the inlet sluices 
of the auxiliary units installed at the Genissiat 
station demonstrated the considerable influence 
played by the surge arrester at the end of the 
closing operation on the maximum excess pres- 
sure attained. 
(4) A theoretical study of the water-hammer effect 
generated in the pipeline and in the tailrace tun- 
nel of an installation where the tailrace channel 
acts under head without the interposition of a 
draught tube. This investigation, originally insti- 
gated in connection with a proposed installation 
on the Garonne by the Energie Industrielle, was 
subsequently and effectively applied by us, to the ; : 
calculation of the equipment for the installations Fig. 10. Test rig for weirs 
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Fig. 11. Composite photograph of weir discharge 


closing law. This study was carried out in con- 
nection with the Brevieres station, for which ap- 
paratus of this type had been adopted, after 
abandoning the surge chamber, and has permitted 
generalisation from the results obtained by M. 
Gariel, in the case of a linear closing. 

(8) A theoretical study of excess pressures transmitted 
from the pipeline to the turbine inlet in which the 
surge chamber has either a constriction at the 
lower end, or a connecting pipe, or both. This 
investigation has resulted in a definite solution of 
a problem which has worried specialists ever since 
the adoption of the constriction arrangement, 
deemed by many to be capable of transmitting 
dangerous water-hammer effects. Our investiga- 
tion has made it possible to demonstrate that for 
all normal turbine operations the excess pressure 
transmitted by constriction is negligible; in the 
case of excess pressures due to an accident, the 
water-hammer effect transmitted can be calculated 
by a formula which we have established and re- 
mains acceptable, and in all cases is appreciably 
less than that which would be transmitted under 
the same conditions by a 
surge chamber equipped 
with a connecting pipe some 
few metres long—an ar- 
rangement which no tech- 
nologist formerly suspected 
was dangerous. 

(9) Observations on the very 
serious errors which can re- . 
sult for the upstream part 
of a multiple high-head 
pipeline, from a calculation 
of the excess pressure based 
on the consideration of 
assumed velocity of pro- 
pagation. This study has 
yielded an explanation for 
certain phenomena noted in 
the upper portion of the 
pressure pipe of the 
Artigues station. 
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Fig. 12. Prazil’s construction for weir discharge 


Surge Chambers 

We have treated this question specially and have 
published two papers on surge chambers. We have 
applied the results obtained to the calculation of the 
surge chambers of 18 large installations. 


The following are some points, briefly stated, which 
summarise the essentials of our contribution to this 
subject:— 

(1) A theoretical study of the oscillations in an inlet 
pipe with two surge chambers in series, neglecting 
the head losses. 

(2) An experimental study of the water oscillations in 
ordinary surge chambers following instantaneous 
closing or opening of the sluice; comparison with 
the classic formule, degree of approximation ob- 
tained and security resulting from the application 
of these formule. 

(3) Experiments with partial closing, carried out at 
the Gripp station in the Pyrenees. 


(4) An experimental study of overflow-type surge 
chambers, showing the magnitude of the errors 


Fig. 13. Model showing action of interrupted abutments 
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resulting from the approxi- 
mate method of calculation 
generally used for the deter- 
mination of the maximum 
overfall discharge. 

(5) A theoretical and experi- 
mental study of surge- 
chamber oscillations result- 
ing from rhythmic move- 
ments of the guide vanes. 
This_ investigation has 
stressed the fact that the 
amplitude of oscillations 
due to isolated operations 
of closing or opening is con- 
siderably exceeded when 
these oscillations are super- 
imposed on _ pre-existing 

. oscillations; we have thus 

demonstrated that it is 

essential to take into ac- 
count in our calculations 
this superimposition of 
oscillations, particularly in 
the case of long inlet chan- 

nels, corresponding to a 

high periodicity of oscilla- 

tion (18 minutes at the Mal- 
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he govert station). 
(6) Theoretical and _ experi- 

ch mental studies on surge 
™ chambers with constriction 

at the lower end. These ex- 
let periments were made on 
ng laboratory models (Fig. 18) 

and on the Artigues surge 
in chamber which we had de- 
us signed and which was 
‘th specially equipped for this 
b- purpose. Independently of 
on the remarkable agreement 

between the theory and the 

results emanating from 
= these researches (Fig. 19), a Fig. 14. Operation of partially raised sluice 
ge very important point was established: we have 
yrs demonstrated that operations of a certain dura- 






tion cause oscillations of an amplitude distinctly 
greater than those arising from instantaneous 
operations, which were alone taken into considera- 
tion formerly for calculating the dimensions of the 
works. 
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Fig. 16. Prazil’s construction for discharge through 
Fig. 15. Discharge through a sector gate a sector gate 
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Fig. 17. Pulsations due to simultaneous operation of adjustable crest gates and bottom sluice 


(7) A study of complex systems of feed waters from these into account. This study has been made for 


a number of lakes leading to the same surge all possible cases (aqueduct ending directly at the 

chamber. We have supplied the general methods surge chamber, or coupled at the same single point 

and the necessary formule for the determination or at several distinct points at any distance from 

of the characteristics of a single supply aqueduct, this work, branched channels... etc.). This 

equivalent to the complex system under considera- method, which was established in the first place 

tion in the absence of head losses or when taking for the Aston station and utilised for the Bioges 
station is constantly employed at the present time 
in the study of large projects collecting the 
hydraulic resources of a whole region to a single 
works. 

(8) A theoretical study of the influence of the varia- 
tions in head resulting from water-level oscilla- 
tions in a surge chamber on the amplitude of these 
oscillations, in the case of constant power 
regulation. 

(9) New methods for the calculation of surge cham- 
bers by means of differential or by semi-graphical 
methods. Applications of these methods to the 
solution of numerous problems, relating in par- 
ticular to surge chambers, simple or multiple, of 
constant or variable section, with or without con- 
striction, overflow-type chambers and chambers of 
constant or variable section, with or without over- 
flow, with or without a lower constriction, in series 
on a single supply channel. Experimental confir- 
mation of the application of the differential and 
semi-graphical methods to the study of various 
oscillation phenomena in surge chambers with con- 
stant or variable sections, with or without con- 
striction at the lower end. 

fs ah (10) A theoretical study of the oscillations in a cham- 

ber of variable horizontal section, in cases where 

Fig. 18. Model of surge chamber the head losses are negligible. 
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(11) Calculation of the oscillations in a surge chamber 
fed simultaneously by an open channel and by 
a pipeline under a head. 

(12) Calculation of surge chambers, with or wi.hout 
constriction at the lower end, in which the supply 
channel collects various contributing supplies by 


The essential aim of a modern hydraulic laboratory, 
in Our opinion at least, should be to derive the terms 
of multipie problems, from questions put by industry, 
frequently of great importance, and to attempt to find 
a definite solution for the widest application based 
simultaneously on theory and experiment. 
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Fig. 19. Theoretical and experimental curves of fluctuations in surge chambers following 


instantaneous closure of the turbine 


small-diameter shafts, with or without considera- 
tion of the losses of head. This study, carried out 
in the first instance in connection with the design 
of the station at Olette, is used at the present time 
by us for the calculation of the extremely com- 
plex works of catchment and delivery to the Cap- 
de-Long installation. 


Other Investigations 

In the preceding brief review, we have left aside 
numerous questions which have however given rise 
to important researches. We mention some of these: 

Non-turbulent wakes. 

Eddy pipes and vortices. 

Underground flood-water dischargers. 

Flow through a grille. 

Flow between bridge piers. 

Movement at the entrance to an open channel. 

The flow of water in an elbow of a pipe or channel. 

Certain measuring devices for the discharge of 
pipes and conduits. 

A simple arrangement for recuperation of the 
kinetic energy at the downstream end of a con- 
duit. 

A discharge limiter functioning by cavitation at 
the outlet of a pipe. 

Turbulence and Joule’s experiment. 

The correction to be applied to the calculation de- 
duced from the principle of “maximum dis- 
charge.” 


Conclusion 


However incomplete the preceding summary may 
be, and although it only relates to one portion of the 
work, we hope that it may give an overall apprecia- 
tion of the researches carried out by the Toulouse 
hydraulic laboratories. The spirit which has con- 
stantly inspired this work should be borne in mind 
even more than the details of these investigations. 
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High - frequency Vibration. Adequately - illustrated 
pamphlets received from Westool Limited discuss the 
advantages of their high-frequency’ vibration tables 
for both concrete consolidation and research, and 
their high-frequency hand-type vibrators. 


Terminal Link Blocks. Where light and heavy 
engineering combine, as in the remote control of 
power networks, one of the problems encountered is 
that of joining V.I.R. cabling to single-core telephone 
wiring and to this end Standard Telephones & Cables 
Limited have put on the market a new standard 
terminal block which, besides carrying terminals, also 
carries link sockets and soldering tags, thus enabling 
properly engineered terminations to be made in all 
conditions. 





Fig. 1. La Cave scheme with aggregate plant constructional camp in foreground 


Water Power Resources of Canada 


The Water Resources Division, Department of Resources 
and Development, has presented its latest review of the 
water power resources of Canada. 


HE water powers of Canada, although only partly 

developed, have exercised a marked influence 

on the economic development of the country 
throughout the present century, during which a 
gradual change has occurred from an economy based 
largely on agriculture to one increasingly dependent 
upon industrial operations. This transition, closely 
coinciding with the growth of water-power develop- 
ment, has been greatly accelerated in recent years. The 
close relationship between water power and industry 
is particularly evident in the central provinces which, 
although lacking in indigenous coal, have become 
the more highly industrialized regions of the country. 
Also in recent years, British Columbia, which is rich 
in potential water power, has been making rapid 
industrial progress coincident with water-power de- 
velopment. From the pronounced activity in hydro- 
electric construction during 1950 it may be concluded 
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that this general trend is continuing. A total of 962,275 
h.p. of new capacity was brought into operation 
during the year and a huge programme of construc- 
tion is under way which will rapidly increase the 
hydro-electric generating capacity of the country. 


Total Available and Developed Water Power 
Table I gives the total water-power resources of 
Canada, and the present total capacity of all water- 
power plants in the country. The estimates of avail- 
able power are revised from time to time as more 
precise stream-flow records are accumulated and as 
more detailed information on potential power sites 18 
secured; as defined below, estimates are made on the 
bases of ordinary-minimum flow and dependable- 
maximum flow. The totals of developed power are 
derived from the manufacturers’ ratings, if this in- 
formation is available. Adjustments of the totals are 
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made to allow for the dismantling of old plants and 
for corrections in listed plant capacities as more 
accurate information is received. 


TABLE I — AVAILABLE AND DEVELOPED 
WATER POWER IN CANADA, 1950 





Available 24-hour power 

_at 80% efficiency 

At Ordinary | At Ordinary 

Min. Flow | Six Months 
—h.p. _| Flow—h.p. 


Capacity 
Installed 
h.p. 


Province or 
Territory 





“Se Bae es Se 


7,023,000 | 10,998,000 | 1,284,208 

382,500 814,000 28,450 
507,800 1,258,000 | 107,225 
542,000 1,082,000 | 111,835 
3,309,000 5,344,000 | 595,200 
5,407,200 | 7,261,000 | 3,513,840 
8,459,000 13,064,000 | 6,372,812 





British Columbia - 
Yukon and N.W.T. 
Alberta - - 
Saskatchewan 

Manitoba . - 
Ontario - - 
Quebec - - 
New Brunswick - 
Nova Scotia - - 


123,000 334,000 133,111 
25,500 156,000 | 150.960 
Prince Edward Is. 500 3,000 | 2,299 
Newfoundland __-}_ 1,135,000 2,585,000 262,810 


-| 26,914,500 | 42,899,000 | 12,562,750 








Canada - 





In Table I, Col. 2 lists the estimated continuous 
power ordinarily available at periods of low discharge 
under existing conditions of river flow; the “Ordinary- 
Minimum Flow” is based on the average of the mean 
flows for the two lowest periods of seven consecutive 
days in each year covered by the period of record. 
Estimates of dependable-maximum power, Col. 3, are 
based upon the “Ordinary-Six-Months Flow” which 
is the computed dependable stream flow usually avail- 
able for at least six months in the year under existing 
flow conditions. On rivers for which there are no 
specific discharge records, estimates of flow are made 
from all available pertinent information relating to 
run-off in the area. 

With respect to hydraulic head, the figures of Cols. 
2 and 3 are based upon the actual drop, or feasible 
concentration of head, which has been measured (or 


at least carefully estimated) at existing falls, rapids 
and known power sites; no consideration has been 
given to possible economic concentrations of head on 
rivers and streams of gradual gradient, except at those 
locations where the feasible head has been definitely 
established by field investigation. Many unrecorded 
power sites exist on rivers and streams throughout 
the country, particularly in the less explored northern 
districts, the capacity of which will be subject to 
tabulation only as more detailed survey work is com- 
pleted. Thus as regards both the total number of sites 
and the possible head at each site, the listed figures 
of available power represent only the minimum 
possibilities. 

At fully developed sites, the installed capacity is 
usually somewhat in excess of the power available at 
ordinary-six-months flow, although the maximum 
economic installation at any one site can be deter- 
mined only by careful consideration of all conditions 
and circumstances pertinent to its individual develop- 
ment. In some cases, an original deficiency in power 
during periods of lower flow is overcome by the use 
of storage dams; in others, by interconnection with 
other plants operating under different load conditions 
or which are located on other streams having different 
flow characteristics; or by auxiliary power from fuel 
plants. A tabulation of the installed capacity of a 
number of typical plants across Canada, located on 
rivers for which adequate discharge records are avail- 
able, shows that these plants have an installed turbine 
capacity which on the average is 30 per cent. greater 
than the power equivalent of the six-months flow at 
their sites. 

Because excess capacity is usually installed at 
developed sites, the figures of Col. 4 are not directly 
comparable with those of Col. 3; that is, in computing 
the relationship between the figures of presently de- 
veloped power and those of total resources, Col. 3 
should be increased by 30 per cent. On this basis, the 
present total turbine installation of 12,562,750 h.p. 
indicates the development of less than 23 per cent. 
of the recorded water-power resources of Canada. 


Fig. 2. Aerial view of Chenaux dam and generating station 
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Fig. 3. Des Joachim dam and generating station 


Also, the figures of maximum available power, Col. 3, 
showing a total of 42,899,000 h.p., may be said to 
be conservative, as already recorded water-power 
resources of Canada will permit of an economic 
turbine installation of more than 55,000,000 h.p. 


Provincial Distribution of Water Power 

An analysis of the provincial distribution of 
Canada’s potential and developed water powers, as 
listed in the above Table I, shows that, on the whole, 
important resources are well distributed throughout 
the country and that, even at the present stage of 
development, considerable blocks of power are being 
produced in all provinces except Prince Edward 
Island where resources are small. The provinces of 
Ontario and Quebec contain nearly 47 per cent. of 
the total potential power and more than 78 per cent. 
of the developed power, more than 37 per cent. of 
their presently recorded total reserves being now 
developed; by use of water power, these central 
provinces, although lacking in indigenous coal, have 
become highly industrialized. As the development of 
Canada’s natural resources proceeds, the fortunate 
incidence of water power in proximity to mineral 
deposits, pulpwood and other natural resources is 
becoming more widely realized. 

British Columbia, traversed by three distinct moun- 
tain ranges and with, on the whole, a high rate of 
precipitation, has many mountainous rivers which 
offer opportunity for power development. The pro- 
vince ranks second in available resources and is 
exceeded only by Quebec and Ontario in installed 
capacity. Practically all present developments are 
located in the southern portion of the province, the 
largest, 186,000 h.p., being the Bridge River Plant of 
the British Columbia Electric Railway Company, 
Limited. The British Columbia Power Commission, 
organized in 1945, is becoming increasingly important 
as a power-producing and distributing agency. 

The potentialities of the Yukon and Northwest 
Territories, although considerable, are so remote from 
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markets as to limit their present commercial develop- 
ment to local mining uses. However, owing to lack 
of native fuel and to transportation difficulties, they 
are of special importance in the development of such 
mining areas as Yellowknife, Northwest Territories, 
and Mayo, Yukon Territory. 

In Alberta, the larger hydraulic developments, from 
which Calgary Power Limited serves a large part of 
the southern portion of the province, are located on 
the Bow River and tributaries. The greater part of 
water-power resources is located in the northern half 
of the province, rather remote from present centres 
of population. 

In Saskatchewan, water-power developments are 
confined to mining uses in the northern areas. The 
transmission network of the Saskatchewan Power 
Corporation of the Provincial Government, serving 
the more settled areas, is supplied by fuel-power 
plants, both Saskatchewan and Alberta having large 
reserves of coal, natural gas and oil. 

Of the Prairie Provinces, Manitoba has the largest 
water-power resources, there being great potential 
power on the Winnipeg, Nelson and Churchill Rivers. 
Present developments are practically all located on 
the Winnipeg River to serve Winnipeg, adjacent 
municipalities and the transmission network of the 
Manitoba Power Commission. The Commission is at 
present serving some 300 municipalities and is carry- 
ing out a vigorous programme of rural electrification, 
it being estimated that 21,400 farms were receiving 
service at the end of 1950. 

Ontario has large resources, being exceeded in this 
respect only by Quebec and British Columbia. It has 
developed more than 37 per cent. of its potential and 
ranks second in power production among the pro- 
vinces. The Hydro-Electric Power Commission of 
Ontario is the greatest power-producing and distribut- 
ing organization in Canada; it operates 61 hydraulic 
generating stations with a total capacity of over 
2,700,000 h.p., the largest being the Queenston plaat 
on the Niagara river of 560,000 h.p.; in addition, 
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Fig. 4. Aerial view of the Stuartville dam and powerhouse 


nearly 1,000,000 h.p. is purchased on contract. At the 
end of 1950, power was being supplied to more than 
1,000 municipalities; rural electrification receives 
114,500 


special consideration and approximately 
farms are now being served. 

The Province of Quebec is richest in water-power 
resources, containing more than 30 per cent. of the 
total recorded for Canada. It also ranks highest in 
developed power, its present installation of more than 


6,000,000 h.p. being more than SO per cent. of the 
total for all provinces and representing the develop- 
ment of more than 37 per cent. of its recorded 
resources. The Shipshaw Plant No. 2 of the Alu- 
minium Company of Canada on the Saguenay River 
with an installed capacity of 1,200,000 h.p. is the 
largest in Canada and is one of the larger plants in 
the world. The Beauharnois No. 1 power-house of 
742,000 h.p., on the St. Lawrence River near Montreal, 
which is operated by the Quebec Hydro-Electric 
Commission, also has a greater capacity than that of 
any individual plant in all other provinces. Power 
production in the province is greatly facilitated by the 
regulation of: stream flow by the Quebec Streams 
Commission through the storage dams it operates or 
controls. Rural electrification has made good progress 
with about 68,000 of the 150,000 farms in the 
province now receiving service either from private 
companies or through the co-operative system; further 
extensions are being fostered by the Quebec Rural 
Electrification Bureau. 

The water powers of the Maritime Provinces, 
although small in comparison with the resources of 
other provinces, constitute a valuable source of power. 
Both New Brunswick and Nova Scotia have numerous 
fivers upon which moderate power developments may 
be made within economic transmission distance of 
the principal cities and towns; other sites are ad- 
vantageously situated for the utilization of timber and 
mineral resources. These provinces also are favoured 
with abundant indigenous coal supplies. 

Owing to lack of stream-flow data, Newfoundland’s 
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water-power resources have been only tentatively 
evaluated. Present estimates of available power give 
a total of 2,585,000 h.p. On the island, while the rivers 
are short, topography and run-off conditions are 
favourable to power development; in Labrador, the 
Hamilton River has a high potential. Considerable 
development has taken place on the island where 
there are 18 plants with a total capacity of 262,810 
h.p. The larger developments serve the pulp-and-paper 
industry, Bowaters Limited having a plant of 156,000 
h.p. on the Humber River and the Anglo-Newfound- 
land Development Company having two plants on the 
Exploits River totalling 68,900 h.p. 


Progress in Development during 1950 

With a total of 962,275 h.p. of new capacity coming 
into operation, the year 1950 is outstanding. A large 
proportion of this new capacity is located in Ontario 
and represents the culmination of the post-war con- 
structional programme undertaken by the Hydro- 
Electric Power Commission of Ontario. Other new 
plants and extensions which are under active con- 
struction are tentatively rated at 1,000,000 h.p. and 
those under preliminary construction or definitely 
planned at about 1,500,000 h.p. Although the demand 
for hydro-electric energy continued to grow during 
1950, being more than eight per cent. greater than in 
1949, power production was in general keeping pace 
with the increased demand. 

The British Columbia Power Commission made 
good progress on its initial development at Whatshan 
Lake; here 33,000 h.p. will be developed in two units 
and operation was scheduled for April, 1951; ulti- 
mately, the plant capacity may be doubled. The 
138 kV transmission line from the plant to Vernon, 
140 miles, has been completed. The Commission also 
has under construction a development at Clowhom 
Falls, on the Clowhom River at the head of Salmon 
Arm; the initial installation, with operation expected 
in 1951, will consist of two units each of 2,000 h.p. 
On Vancouver Island construction is being under- 
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taken of a 132 kV transmission line from the John 
Hart plant on Campbell River to Duncan Bay. The 
British Columbia Electric Railway Company Limited 
has completed the installation, for peak-load pur- 
poses, of the third unit of 47,000 h.p. in its Ruskin 
plant. It also has undertaken the modernization of its 
Lake Buntzen No. 1 plant and will replace seven old 
units having a total capacity of 28,140 h.p., by one 
new unit rated at 70,000 h.p. Design and field work 
have been continued on a project at Jones Lake, about 
15 miles east of Chilliwack, covering a development 
of 80,000 h.p. in a single unit under 2,000 ft. head. 
In the field of power distribution, an extensive pro- 
gramme of sub-station construction was carried out 
in Vancouver, in the Fraser Valley and on lower 
Vancouver Island. The double-circuit 132 kV trans- 
mission line from Nanaimo to the Victoria system 
was completed in October. The Aluminium Company 
of Canada Limited continued its investigations on the 
Nechako-Kitimat project and further studies are 
scheduled for 1951; under the proposed scheme, the 
development of an estimated 1,600,000 h.p. of firm 
capacity is envisaged. Two small additions to hydro- 
electric capacity in British Columbia were also made 
during the year: the Ashcroft Water and Electric 
Company installed a new unit of 325 h.p. in its plant 
on the Bonaparte River; Gilley Brothers Limited 
replaced an originally installed 500 h.p. water wheel, 
on the Pitt River, by a 550 h.p. hydro-electric plant. 

In Yukon Territory, construction on the Mayo 
River of a development with an initial capacity of 
3,000 h.p. was commenced by the Northwest Terri- 
tories Power Commission, for serving the silver-lead 
mines in the district. 

In Alberta, Calgary Power Limited completed a 
large part of its overall scheme covering the Spray 
Lakes power-and-storage development. Operation of 
the Spray plant of 62,000 h.p., a single unit under 
900 ft. head, originally scheduled for December, 1950, 
was expected early in 1951. The Three Sisters plant 
of 3,600 h.p. is under construction for operation in 
June, 1951, and the Rundle plant of 23,000 h.p. for 
July, 1951. Also, an additional unit of 12,000 h.p. is 
being installed in the Kananaskis plant on the Bow 
River for 1951 operation. The company is making 
extensive additions to its transmission system includ- 
ing 132 kV lines under construction from the Ghost 
plant to Edmonton and from the Spray and Barrier 
plants to Coleman. Northern Utilities Limited are 
investigating a site on the Hart River, north of High 
Prairie, where perhaps 1,500 h.p. may be developed. 
Canadian Utilities Limited has installed an 800 kW 
diesel unit at Grand Prairie; eight fuel plants with a 
total capacity of 22,090 kW are now being operated. 

The Saskatchewan Power Corporation, owned and 
operated by the Province, carried out extensions to 
its fuel-power central-electric plants by adding an 
800 kW diesel unit at Unity and two 200 kW units at 
Kindersley. A 15,000 kW steam turbine is under 
installation at Estevan for operation early in 1951. 
The transmission network was expanded by adding 
about 213 miles of 69 kV line, 134 miles of 33 kV 
line and 234 miles of 24 kV line. Farm electrification 
is proceeding gradually with about 2,400 farms being 
given service in 1950. 

In Manitoba, the Winnipeg Electric Company, at 
its Seven Sisters plant on the Winnipeg River, brought 
into operation in August the fifth unit of 37,500 h-p., 
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which raises the total installed capacity to 187,500 
h.p.; ultimately, a six unit may be installed. During 
the year, a two-circuit 110 kV line from the plant to 
Transcona was completed and also a new sub-station 
at Transcona. Good progress was achieved on the 
Pine Falls development of 114,000 h.p. by the 
Government of Manitoba; the dam has been partly 
completed, work is under way on the power-house 
and it is anticipated that two units of 19,000 h.p. each 
will be ready for service late in 1951. Sherritt-Gordon 
Mines is proceeding with a development of 7,000 h.p. 
on the Laurie River, a tributary of the Churchill River 
in northern Manitoba; during 1951 construction will 
be commenced on the power plant which is to be 
located about 14 miles below Russell Lake. The City 
of Winnipeg has begun construction on a new 
auxiliary steam plant, the first unit of 15,000 kW 
being scheduled for operation late in 1951; tenders 
have been called for a second unit of 25,000 kW for 
operation in 1953. The Manitoba Power Commission 
carried out extensive additions to its transmission and 
distribution system and during the year 4,400 farms 
were connected to the lines. 

In Ontario, the Hydro-Electric Power Commission 
of Ontario completed a large part of its current pro- 
gramme. At the Des Joachims development on the 
Ottawa River, seven units each of 60,000 h.p. were 
placed in operation and the final eighth unit was 
nearing completion. At the Chenaux development, 
also on the Ottawa River, two units were operating 
in December and completion of the plant of eight 
units, each of 20,000 h.p., is scheduled for the summer 
of 1951. At the La Cave site, Ottawa River above 
Mattawa, clearing and railway re-location were well 
advanced and the dam, headworks and power-house 
were under active construction; three units each of 
32,000 h.p. were expected to be in operation late in 
1951 and 192,000 h.p. is scheduled to be in operation 
in 1952. The development of 56,000 h.p. in two units 
at the Tunnel site on the Mississagi River was com- 
pleted in July and of 80,000 h.p. in two units at the 
Pine Portage site on the Nipigon River in September. 
The Commission is undertaking a new development 
of 600,000 h.p. in six units on the Niagara River: 
preliminary planning and investigations are well 
advanced and operation in 1954 is anticipated. In 
addition to its hydro-electric operations, the Commis- 
sion also has under construction two large steam 
plants: 198,000 kW in three units at Windsor, with 
initial operation in 1951 and completion in 1952; 
400,000 kW in four units at Toronto, with initial 
operation in 1951 and completion in 1953. Pending 
completion of these plants, five temporary steam 
plants are being operated with a total capacity of 
61,000 kW. Extensive additions were made to the 
transmission and distribution systems of the Com- 
mission including 939 miles of 230 kV line and 547 
miles of 115 kV line. In southern Ontario, good initial 
progress was made on the changeover from 25-cycle 
to 60-cycle operation. Independent of the activities 
of the Commission, other additions to capacity in- 
clude: Town of Orillia, 3,750 h.p. in a new plant on 
the Muskoka River; Great Lakes Power Company, 
a new unit of 13,200 h.p. in its Michipicoten River 
plant; Abitibi Power and Paper Company, increased 
capacity of 4,350 h.p. due to modernisation of its 
Iroquois Falls plant on the Abitibi River. 

The Quebec Hydro-Electric Power Commission 
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Fig. 5. Aerial view of the Decu plant, near Thorold, Ontario 


brought into operation the first two units each of 
55,000 h.p. in its new Beauharnois No. 2 power-house, 
St. Lawrence River; four additional units will be 
installed in 1951 and ultimate plant capacity is 
660,000 h.p. Surveys are being completed covering 
the development of Rapids No. | and No. 2 on the 
upper Ottawa River. The Commission carried out 
extensive additions to its transmission and distribu- 
tion systems including new high-voltage lines from 
Beauharnois to Montreal and from Cadillac to Amos; 
also new sub-stations in Montreal, Renault, Pandora 
and Amos. The Shawinigan Water and Power Com- 
pany completed the installation of two units each of 
65,000 h.p. in its new La Trenche plant on the St. 
Maurice River; an additional three units are scheduled 
for 1951 operation and ultimate capacity is 390,000 
h.p. Extensions of the company’s transmission lines 
included a 147 mile 220 kV line from La Trenche to 
Sorel via Three Rivers. The Aluminium Company of 
Canada has undertaken the development of 200,000 
h.p. on the Peribonka River at Chute du Diable and 
the first unit of 50,000 h.p. is scheduled for operation 
by May, 1952. The Northern Quebec Company had 
under installation a new unit of 34,500 h.p. in its 
Quinze plant, upper Ottawa River, which will bring 
the total capacity to 84,500 h.p. The Quebec North 
Shore Paper Company has begun preliminary con- 
struction on a development on the Manicouagan 
River near its mouth with initial operation of one 
unit planned for 1952; the ultimate capacity will be 
336,000 h.p. The Labrador Mining and Exploration 
Company Limited is considering the development of 
15,000 h.p. on the Ashuanipi River and the Quebec 
North Shore and Labrador Railway Company of 
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7,000 h.p. on the Ste. Marguerite River. Two smaller 
additions completed in 1950 are: 2,700 h.p. in two 
units in its plant on the Lievre River by the Cie 
Electrique de Mont Laurier; the replacement of a 
500 h.p. unit by one of 1,800 h.p. by the City of 
Riviere du Loup. The Pembroke Electric Light Com- 
pany Limited had under installation a unit of 3,000 
h.p. in its Waltham plant on the Black River for 
operation early in.1951 and a second unit on order. 
The City of Sherbrooke has acquired the idle 
hydraulic plant of the Bromptonville Pulp and Paper 
Company and proposes to install generators to supple- 
ment its present electrical production. The Lower 
St. Lawreace Power Company is planning to develop 
10,000 h.p. on the Mitis River and the City of 
Megantic 4,450 h.p. on the Chaudiere River. The 
Southern Canada Power Company and the Gatineau 
Power Company, while not increasing their capacity, 
carried out extensive additions to their transmission 
and distribution systems. Studies of storage and power 
possibilities were carried out on a number of rivers 
by the Quebec Streams Commission; good results also 
were obtained in equalising stream flow through the 
efficient use of its numerous storage dams. 

In Nova Scotia, the Nova Scotia Power Commis- 
sion in October completed its 12,800 h.p. develop- 
ment, in two units, on the Mersey River at Deep 
Brook. The Commission has recently begun con- 
struction on an 8,500 h.p. plant on the Bear River 
at tidewater. It also is enlarging the capacity of its 
steam plant at Cantley’s Point by two units of 10,000 
kW each, the first to come into operation early in 
1951 and the second in 1952. The Nova Scotia Light 
and Power Company brought into operation in 
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September its new Paradise Brook development of 
5,000 h.p. under 500 ft. head. The company is also 
constructing a new plant of 4,000 h.p. at White Rock 
on the Gaspereau River. The capacity of the com- 
pany’s steam plant at Halifax is being enlarged by two 
20,000 kW units, one for operation in March, 1951, 
and the second being on order for installation in 1953. 
The Seaboard Power Corporation is increasing the 
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Fig. 6. Curve showing the phenomenal increase in 
installed capacity in Canada in millions of horse power 







capacity of its steam plant at Sydney by 15,000 kW. 

The New Brunswick Electric Power Commission 
has undertaken a development of 27,000 h.p. at “The 
Narrows” on the Tobique River near its mouth, with 
operation expected in 1953. The Commission also has 
under way the enlargement of the capacity of its 
steam plant at Grand Lake; two 6,250 kW units are 
expected to be brought into operation in 1951 and 
one unit of 15,000 kW in 1952. 

In Prince Edward Island, the Maritime Electric 
Company at Charlottetown has under installation a 
new unit of 7,500 kW in its steam plant, operation 
being expected this year. 

The Newfoundland Light and Power Company, 
serving principally St. John’s and Bell Island, has 
practically completed its new development of 13,000 
h.p. on the Mobile River and qperation is anticipated 
early in 1951. It is also installing a new unit of 3,330 
h.p. in its Tors Cove plant for operation this year. 

















Growth of Water-Power Development 

Since the beginning of the present century, follow- 
ing the inception of long-distance transmission of 
electricity, water-power development in Canada has 
undergone a remarkable growth, the toal installation 
of 177,323 h.p. at the end of the year 1900 being 
insignificant in comparison with the 12,562,750 h.p. 
installed by the end of 1950. The rapid and continuous 
growth in installed capacity is illustrated on the 
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diagram, Fig. 6, which shows the total installation in 
millions of horse-power at the end of each year, 1900 
to 1950. The small vertical step at the end of 1948 
shows the addition to the total for Canada of the 
capacity of the province of Newfoundland. 

The growth in the total of hydraulic installations 
has been continuous and, on the whole, has tended 
to accelerate during the past half-century. The average 
annual increase in capacity of 56,000 h.p. during the 
first five years was sharply stepped up during sub- 
sequent years by the development of large central- 
electric stations, following improvement in the 
technique of long-distance transmission which 
rendered practicable the production of hydro-electric 
energy at sites increasingly remote from the localities 
of utilisation. During the period 1906-1922 inclusive, 
development proceeded at a fairly uniform rate of 
150,000 h.p. per year. As a result of the heavier 
demand for electricity during the prosperous 1920's, 
the rate of installation increased sharply in 1923 and 
continued at a nearly uniform rate of 377,000 h.p. 
per year for the period 1923-1935 inclusive. As large- 
scale hydro-electric projects take considerable time 
to complete, there is a lag between construction and 
demand, the latter responding quickly to general 
economic conditions. When the demand for power 
fell off during the 1930’s, projects under way were 
carried to completion but the result of the economic 
depression is reflected in the low rate of installation 
during the years 1936-1939 inclusive. The great 
demand for power for war purposes accounts for the 
high average rate of increase of 481,000 h.p. per year 
during the period 1940-1943 inclusive. Few develop- 
ments were undertaken in the later war years or in 
the immediate post-war period, so that only a small 
amount of new capacity came into operation from 
1944 to 1947 inclusive. However, the results of the 
later post-war programme of construction are ap- 
parent in the amount of growth in the years 1948, 
1949 and 1950, the average rate being 603,000 h.p. 
per year, exclusive of the addition of the capacity 
of the province of Newfoundland. Present programmes 
of expansion indicate a continuation of this rate of 
growth for some years. It may be noted that in 1950, 
88 per cent. of the total installation of water-power 
plants in Canada was of the central-station type as 
compared with 33 per cent. in 1900. 

The photographs illustrating this article were by 
the Photographic Survey Corporation Limited, of 
Toronto. 





Cambridge Index Thermometers and Thermographs. 
An illustrated folder received from the Cambridge 
Instrument Co. Ltd. gives details of their latest types 
of mercury-in-steel thermometers for indicating or 
recording at a distance temperatures up to 1,000°F. 


Power Resources of Finland. It has been pointed out 
to us that the boundary indicated between Finland 
and the U.S.S.R., in the map reproduced on page 248 
of the July issue, should have run north of Lake 
Ladoga. Certain details of this map were taken from 
a pre-war atlas to amplify the data given on the 
author’s sketch map and unfortunately the old 
boundary was followed. This error, which we greatly 
regret, in no way invalidates the particulars given in 
the text. 
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North of Scotland Hydro-Electric 
Board Report 


N virtue to some extent of a wet year, a record 

generation output was obtained from the North of 

Scotland Hydro-Electric Board’s schemes in 1950, 
states the annual report and statement of accounts 
of the Board, which has recently been published as 
a White Paper. Indeed, the report describes the year 
as “a memorable one,” recalling the formal opening 
by the Queen of the Loch Sloy scheme on Loch 
Lomond last October. 

The total capacity of generating plant installed in 
the Board’s generating stations at the end of the year 
and the number of units generated at these stations 
during the year were:— 

kW kWh 
Installed Generated 
Water Power <A es . 284,750 $21,524,062 
Steam ss sia ae 130,875 284,374,805 
Diesel (for public supply) ... < sae 52,447,650 
Diesel (for temporary construc- 


tional supply) _.. » 2 8,060 19,632,962 


Total 452,970 877,979,479 
Corresponding total for 1949 sss "290,970 710,194,025 
The 877,964,479 kWh generated during 1950 were disposed 
of as follows:— 
Percentage 
difference 
kWh sold compared 
with 1949 
kWh sold in Board’s Area ... 586,578,058 + 148 
kWh sold to British Electricity 
Authority ne ri we 
kWh used in the construction of 
hydro-electric schemes ... 2 
kWh lost in transmission and 
distribution a 


135,936,400 + 141°8 
19,000,000 - 29°6 
136,465,021 17-9 





877,979,479 

The cost of coal, diesel oil and other materials 
increased during 1950. 

No fewer than 105 villages, hamlets and housing 
areas were connected and the Board generated 
877,979,479 units of electricity. The Board also made 
special efforts to give the maximum assistance to the 
B.E.A. system in Southern Scotland. 

The Loch Sloy scheme, which was the first scheme 
promoted by the Board and which will have an in- 
stalled capacity of 130,000 kW, was designed as a 
“peak load ” station to give Glasgow and the West of 
Scotland the extra power needed in the periods of 
highest demand. The new power station, though its 
full output was not yet available, helped to meet the 
heavy demands for electricity during the very severe 
weather in November and December of 1950; the 
Clunie and Pitlochry stations of the Tummel-Garry 
scheme in Perthshire, total capacity 76,200 kW, and 
the Grudie Bridge station of the Fannich scheme in 
Ross-shire, capacity 24,000 kW, which were also in 
Operation by the end of the year, met the rapidly 
growing load in the Board’s area and helped also to 
meet the demands of the rest of Scotland. 

The Board installed during 1950 hydro-electric 
generating plant with a total capacity of 197,950 kW 
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and diesel generating sets with a capacity of 5,980 
kW, a total of 203,930 kW. At the end of the year, 
the Board had in operation 13 hydro-electric, six 
steam and 28 diesel stations. Nine hydro-electric 
schemes were under construction. The Report fore- 
casts that a start will be made soon on the construc- 
tion of the following five schemes—Gaur and Lawers 
(Perthshire), Glascarnoch-Luichart-Torr Achilty 
(Ross-shire), Moriston and Garry (Inverness-shire). 
These schemes will have an approximate capacity of 
198,200 kW and an average estimated annual output 
of 736,000,000 kWh of electricity. (Preliminary work 
is beginning at Gaur, Lawers, Luichart, Torr Achilty 
and Garry). 

The Board had under survey last year hydro-electric 
schemes which it is estimated will have an approxi- 
mate capacity of 278,500 kW and an estimated 
average annual output of 1,068,000,000 kWh. These 
included the Shin, Orrin, Kilmelfort and Breadalbane 
schemes (which have been published this year, 1951) 
and also proposals to use the water of the Rivers 
Farrar and Beauly, the Tay Basin and extensions to 
the Affric scheme. 

By the end of 1950, the Board’s programme of the 
development of the water power resources of the 
Highlands had reached the following stage:— 

Total Estimated 
Capacity Annual Output 
kW kWh 


In operation ; sl ... 199,700 376,000,000 
Under construction ss ... 299,300 465,000,000 
Promoted and just starting ... 198,200 736,000,000 
Promoted ai 8,100 27,500,000 


Under survey a a _. 278.500 1,068,000,000 





913,800 2,672,500,000 





The Board promoted seven constructional schemes 
in 1950; one was the Mucomir hydro-electric scheme 
near Fort William which will have an _ installed 
capacity of 1,500 kW and an estimated annual output 
of 9,000,000 units of electricity; three schemes were 
for the construction of diesel generating stations at 
Kirkwall in Orkney, Lerwick in Shetland, and Storno- 
way on the Island of Lewis; one was for the con- 
struction of a diesel generating station and an exten- 
sion to an existing small hydro-electric station at 
Tobermory on the island of Mull, and two were for 
the erection of 132,000 volt transmission lines from 
the Fasnakyle generating station of the Affric scheme 
to Fort Augustus and from Boat of Garten to 
Aberdeen. 

The number of new consumers connected to the 
Board’s mains during the year was 22,140, compared 
with 18,797 during 1949. Of the new consumers, 
16,000 were in rural areas. The total number of con- 
sumers receiving a supply from the Board by the end 
of the year was 244,314, a figure which represents 
approximately 855,000 people. 

From January 1, 1948, to December 31, 1950, 56,700 
new consumers have been given a supply for the first 
time in the Board’s area. There are about 120,000 

(Continued on page 306) 
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Wind Power 


In this article Percy H. Thomas of Washington, D.C. 


discusses various aspects of using wind power and its 
potentialities as a contribution of energy to a utility 


time will be surprised to find that, at least when 

utilised as an auxiliary in a widespread utility 
network, the wind offers a very important source of 
available energy, receivable in a manner entirely 
acceptable to the system, and at a low cost. Unfcr- 
tunately, my space is too limited to cover any but 
the most essential of the unique features of the aero- 
generator and the natural part it plays in a power 
system. 


feos engineer studying this subject for the first 


Patterns of the Wind 

The patterns of the wind must first be determined. 
At any one location, the velocity of the wind is 
variable and unpredictable, much more so than the 
flow of water in a stream or river. Continuity of supply 
from any one wind source can come only from energy 
storage. 

For large-scale operations hydro reservoirs offer 
the only feasible means for such energy storage. The 
practical technique consists in setting up a value 
for the average annual rate of output by the aero- 
generator, conveniently called its “energy capacity,” 
which indicates the aggregate output expected from 
it. During periods when the generation is above this 
energy capacity the excess power is used by the load 
dispatcher to reduce the drain of water from some 
appropriate reservoir.When the output of the aero- 
generator drops below the energy capacity, the load 
dispatcher calls upon this reservoir to make up the 
deficiency. The energy capacity being the average 
output, the excess and deficiency will be equal. There 
is this complication, that when the hydro reservoir 
is called upon to “ pinch hit” for the wind, there must 
be a hydro generating unit able to use the water from 
that reservoir to supply the firming power. To this 
extent, it duplicates the capacity of the aerogenerator. 

To return to the patterns of the wind. While day 
to day vagaries are well understood, it is not generally 
known that the average velocities of the wind have 
more or less definite and predictable values. The 
general picture of the wind is that of a vast river of 
air (equivalent to a stream of air of the density at the 
earth’s surface, five miles deep), flowing generally 
from the arctic regions to the torrid zone, irregularly 
eddying from place to place and from time to time, 
but still, as a whole, moving along at the appropriate 
rate set up by Mother Nature. To study these patterns 
more closely, the writer examined the wind velocity 
records of the U.S. Weather Bureau, particularly the 
records of some 50 permanent recording stations 
covering a period of 31 years. While these stations 
were not at points that would be appropriate for 
windmills, no doubt the patterns observed would be 
followed by winds at other points, though perhaps 
with higher or lower average velocities. 

It was found that the annual average of the hourly 
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reported readings was quite uniform, varying a few 
per cent. up or down, but never dropping below about 
85 per cent. of the long-term average. Also that the 
monthly average of the hourly reading never fell below 
one half of the annual average for that year. While 
no actual numerical determination was made, the 
indications were that the weekly averages had an 
important degree of stability. 

Again, there was found a seasonal variation, with 
the monthly average values running lower in June, 
July, August and September, dropping occasicnally 
as low as 85 per cent. 

This outline of the patterns of the wind, as they 
probably exist in the U.S.A., is very helpful in ap- 
praising the probable value of wind energy for power 
purposes. At this point it is desirable to point out the 
effect of the “cube law” in relation to flowing fluids, 
which is to the effect that the energy content of a 
stream of air is proportional to the cube of its velocity. 
This means that the variations of the energy content 
of the wind are far wider than its velocity variations. 
While this seems at first sight to be a very serious 
obstacle to the beneficial use of wind power, it will 
be seen below that there are compensating conditions. 

One of these is found in what is known as the 
energy-pattern factor. Suppose the wind blows for two 
hours at 20 miles an hour; the total energy passing 
in that time is 2 x 20* or 16,000. If, however, the wind 
blew for one hour at 10 miles per hour and one hour 
at 30 miles, the total energy would be 10°+30°= 
28,000, an increase of 12,000 even though the average 
wind velocity is the same in both cases. The ratio 
of 28,000 to 16,000, the energy at the average rate, 
is the “ energy-pattern factor.” It numerically equals 
1-75 in this illustration. The numerical value of this 
factor in the natural winds depends upon the extent 
of the momentary variations of the wind velocity from 
the average. The writer, in studying forty actual cases, 
found extremes for this factor from 1-35 to 3. 

With this picture of the behaviour of the winds, a 
consideration of various ways and means for bridging 
the iow points to get steady or “firm” capacity from 
its energy may be taken up. 


Continuous Power from Isolated Areas 

First will be considered those more or less isolated 
locations where no electric service is attainable by 
the usual methods. Little specific in the way of sug- 
gestions can be offered without some definite situation 
to study. 

By choosing a relatively low wind rating capacity 
with regard to the average wind velocity, it is possible 
to have power for an unusually large percentage of 
the time without firming, which reduces the amount 
of supporting hydro storage required. To take an 
imaginary case, assume a small stream with potentiali- 
ties for a reservoir affording a suitable head for 4 
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Fig. 1. Duration curves—velocity and energy 


hydro plant. If then hydro generating units be in- 
stalled of a capacity several times the steady capacity 
of the stream during the low months, and aero- 
generators of an average energy capacity somewhat 
over half this hydro capacity, a peak load equal to 
the total hydro capacity could be carried on a 50 
per cent. capacity load curve. Enough hydro storage 
would be required both to peak the stream flow, 
per se, for a week—say, roughly equal to 36 hours’ 
output—and in addition, enough to equalise the wind 
for perhaps a month. This additional storage may be 
estimated as equal to a week’s output. This totals an 
aggregate storage of between eight and nine days’ out- 
put, for both purposes. It will be found to be a modest 
storage requirement. While this power would not be 
particularly cheap in comparison with large-scale 
standards, a very considerable increase of electric 
power would be so obtained from the wind. 
Another fairly reasonable case would be found in 
combining a municipal water system with wind 
energy, where the municipal reservoir could be so 
situated as to be usable for hydro power. One method 
of combination would be to supply electric power 
from hydro units using the municipal water and to 
operate aerogenerators in parallel with the hydro. The 
aerogenerators would pump back at night water used 


for firming power in the daytime. This power would 
not be as cheap as in major networks, but for isolated 
communities would not be unduly expensive. It is 
said that there are two neighbouring fair sized lakes 
outside the city of Hamburg in Germany with a dif- 
ference in elevation of 100 metres which would be 
an example of a situation very favourable for wind 
power pumping for firming the wind. 

Space will not permit further discussion of various 
expedients to ameliorate difficult power situations in 
special cases. 


Firming Wind Power in Large Networks 

It will be useful to take up the designer’s method 
of choosing the capacity of his aerogenerator, both 
the “energy capacity,” the average output for a year, 
and the “ wind rating,” i.e. the wind velocity at which 
the generator is expected to be fully loaded. 

The designer will start with a monthly duration 
curve of wind velocity (Fig. 1), determined from field 
observations. On this curve the abscissa of any point 
represents the portion of a month that the wind 
velocity is equal to, or greater than, the wind velocity 
represented by the ordinate of the point. From this 
velocity curve he constructs an energy duration curve 
in which the ordinate of any point is the cube of the 
ordinate of the point having the same abscissa in the 
velocity curve. The points on the new curve thus 
represent energy. 

The designer then chooses arbitrarily a trial rated 
wind velocity for his turbine. This velocity may be 
taken as 25 miles per hour shown by the upper hori- 
zontal line in the figure. Then the total energy that 
will be developed by the turbine will be represented 
by the area under this horizontal line and under the 
part of the duration curve to the right, less of course 
the energy wasted when the wind is too low to use. 
This gives him his capacity factor. This determination 
is repeated for each month in the year. A second trial- 
rated wind is then chosen and so on until a satis- 
factory rating is found. It is clear that the energy 
under the horizontal velocity lines cannot be utilised 
unless some way is found to waste the portion of the 
energy in the wind above this line. This wasting may 
be done in several ways. 


TABLE I 


Net energy developed by aerogenerator with different wind ratings under duration curves 
C.F.=Capacity Factor; Epf=Energy Pattern Factor; kWh, in millions 
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on 12 monthly duration curves for the year 1940 from U.S. Weather Bureau Station at 
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The writer’s studies indicate that capacity factors 
of from 40 to 60 per cent. will be natural and favour- 
able. Table I gives the results of such a study based 
on a 7,500 kW aerogenerator described in the Federal 
Power Commission Monograph “The Wind Power 
Aerogenerator,” issued in Washington, D.C. 

The technique for firming the wind power in large 
utility networks, the primary object of this article, 
will now be taken up. The new factor in firming the 
wind here involved is wind diversity. When many 
widely spaced wind turbines are connected into the 
same system, it is found that the joint generation never 
drops to zero, but, under favourable conditions, has 
a very important minimum value below which 
generation never falls. Locations but a short distance 
apart often have very material diversity. At least this 
minimum diversified value is available 24 hours a 
day, so that when stored for use on the peak of the 
load, the energy so supplied under the diversified 
minimum may be used to support a much larger 
capacity than the minimum value itself. However, 
storage is required for all such firming of power, at 
least above the diversified minimum capacity. 

To give a realistic idea of what diversity values are 
actually available in a widespread network, and what 
benefit may be secured therefrom, the writer made a 
study of some 12,000 hourly velocity readings for 
17 stations of the U.S. Weather Bureau, scattered 
around the east of the Mississippi River, all for the 
month of November, 1941. This month was chosen 
as a critical month. In this study the average values 
of the energy content of the hourly wind readings were 
noted for various different periods of time within that 
month and the minimum diversified, or aggregate, 
values for each period noted. These are shown as a 
percentage of the annual energy average in Table II. 
Since the wind velocities in general aré much lower 
at night than in the daytime, a distinction is made in 
ceriain of the minimum values. 

These values are to be considered, not as final for 
all cases, but as illustrative values applicable in the 
eastern part of the U.S.A., and subject to confirma- 
tion by much more comprehensive research and by 
experience. 

One very important choice must be made. What 
minimum period of time should be taken for these 
diversific | values? It must be such a value that the 
generating system as a whole can accept the energy 
without difficulty regardless of how the energy is dis- 
tributed through the period. The heat capacity of the 
many generators in the system, their flywheel effect, 
the flash storage in boilers and the complicated 
diversity of the many variables in the system, will 
surely integrate reasonable variations in the rate of 
supply over a four hour period, bearing in mind that 
the wind contribution is expected to be a minor 





TABLE Il 
Minimum diversified average values of hourly wind energy readings, 
17 stations in U.S.A. east of the Mississippi River, expressed as percent of the annual average energy 
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Fig. 2. Typical load-factor curve 








fraction of the whole energy contained in the system. 

The writer has thus taken the period of four hours 
as the minimum time for which diversified values 
need to be considered. This is an important decision, 
since the four hour minimum diversified energy is 
materially larger than the one hour value. 

With these explanations a numerical example may 
be worked out to give concreteness to these con- 
clusions. Assume a typical peak-load curve, chosen 
as a basis for studying the limiting values of wind- 
backed capacity. Assume a 50 per cent. load factor 
for the curve and that it has a 12 hour peak, with its 
own load facior 75 per cent. Also that this 12 hours 
constitutes 40 per cent. of the peak capacity; Fig. 2 
illustrates such a load curve. Assume now that the 
sum of the various sources of firm power in the 
system, steam, run of river hydro which is not subject 
to storage, and the minimum diversified four hour 
wind power capacity, aggregates 60 per cent. of the 
peak of the curve. This leaves 40 per cent. on the 
peak to be covered by stored hydro energy, either 
from such surplus of run of river water as would be 
stored under a regime without wind power, or accu- 
mulated from river run in virtue of the energy supplied 
by the wind. The problem now is to find for how 
much of the 40 per cent. the wind can supply firming 
energy. 

It will be convenient to choose a new unit to use 
in this example, both for energy and capacity. This 
unit is 1 per cent. of the peak of the load curve, as a 
capacity unit, or the amount of energy this | per cent. 
can generate in 24 hours, for the energy unit. Thus 
the total energy under the load curve will be 50 units 
and the peak joad 100 units of capacity. 

As a matter of convenience Table II has been added 
showing the minimum values of the diversified wind 
energy taken for various periods of time, and shown 
as percentages of the annual average of all the 
stations. 

To solve this problem there must be a definite 
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value set for the total chosen average energy capacity 
of the aerogenerators. A trial value of 22:5 units will 
be first considered, the peak of the load being 100 
units. Using the four-hour minimum diversified value 
from Table II gives 22:5 x -25=5-6 units for the avail- 
able firm wind capacity requiring no storage. If, now, 
there is hydro storage enough to equalise one day of 
wind energy, there is available 22:5 x 0-375 units of 
capacity (less the 5-6 x 10/24 units used as diversified 
firm power), left for use on the peak for supporting 
a part of the 40 per cent. It should be noted that the 
actual energy necessary to firm the whole 40 per cent. 
of the peak is 40 per cent. x 12/24x 0-75 or 15 units 
of energy. The number of firming energy units avail- 
able from the one day minimum diversified wind 
energy is 22:5 x 0-375 —- 5-6 x 12/24 or 8:-45-2°8 or 
5-65 units, about one-third of the total requirements. 
The rest must be made up from the hydro regularly 
stored from stream flow (see Table III). 

If now we had storage enough for equalisation of 
one week of wind, the energy available from wind 
will be 22°5x0-45-—2°8 or 10°1-2-°8 or 7:3 units. 
However, the average units per day required to sup- 
port the 40 per cent. on the peak is somewhat less 
than for one day (week day) on account of Saturday 
and Sunday. The whole week figure may be taken 
as 6/7 of the week day figure, 15 x6/7=12°9, 
12-°9-7:3=5-6 units required from the hydro ob- 
tained from stream flow. 

Finally, assuming a month’s storage for the wind 
the energy available for supporting the peak is 
22:5x0:55-2°8 or 12:-5-2°8, i.e. 9:7. This leaves 
12-°9-9-7=3-2 units of energy to be supplied by 
hydro storage from stream flow. This is as large a 
percentage of wind energy as would seem appropriate 
for this particular load curve. 

By installing a larger capacity of aerogenerators 
than the 22:5 units, larger amounts of firming energy 
will be gotten from the wind. A 25 per cent. increase 
would be sufficient to supply energy for the full 40 
per cent. of the peak from the wind, so long as 
sufficient storage was present to equalise a month’s 
wind; then, 22:5 x 1:25 is 28-2 units. 

Equalising a month’s storage is by no means the 
same as storing a month’s energy, for the varying 
wind will be putting in and withdrawing energy every 
few days. The capacity to store a week’s output would 
seem adequate to equalise a month’s flow. 

Now any remaining energy, not used to support 
the peak stored from wind or hydro, will be steam 
replacement. The amount of steam replacement or 
“if and when” wind energy remaining after the 
minimum diversified wind energy has been assigned 
to peak firming can be determined as follows: The 


TABLE Illa 









amount assigned to the peak in the case of one week’s 
storage was 10-1 units. Since the total was 22:5 units, 
the “if and when” wind energy for this case is 
22°5 — 10:1= 12-4 units. From this, however, must be 
subtracted the small amount of firm wind capacity. 

Of course, the hydro stored from stream flow might 
have been assigned to firming the 40 per cent. of the 
peak in place of the wind energy, in which case the 
major residual energy would be wind energy and 
applied as steam replacement. It makes no difference 
in the operation in which way it is considered. This 
choice, however, complicates the calculation of the 
numerical value of the wind power. 

Choosing a different value for the wind capacity 
energy to be installed will change all these figures, 
so giving a wide range for the designer’s skill. If the 
designer chooses a 50 per cent. capacity factor for his 
aerogenerators the wind rating total will be 22:5/0-50 
or 45-0 units. If he chooses 60 per cent. it will be 
22-5/0-60 or 37-5 units. 


Comments on Aerogenerators 


A word will be said about the control of the 
operations of the aerogenerator and the necessary 
safeties for emergencies. The first well known hurdle 
is that of getting a constant-frequency power from 
the naturally varying wind velocity. The scheme 
recommended by the writer is to drive a d.c. generator 
from the turbine through step-up gears, making the 
speed proportional to the actual wind velocity. The 
direct current is then fed to an inverted rotary con- 
verter, which runs in synchronism with the utility 
system. The necessary wide range of control of the 
direct current voltage is obtained partly by an extra 
control in the generator field and partly by taps in the 
step-up transformer. 

An automatic wattmeter-type relay with two 
opposed coils, one energized from the wind velocity 
and the other by the wheel speed, will serve to keep 
the proper ratio of wind velocity to blade speed by 
raising or lowering the field strength of the generator 
as the relay swings one way or the other. Obviously, 
an increase in the field strength will increase the 
demand on the wind, and will slow it down, since 
the wind has a definite energy content at any given 
velocity. When an increasing wind velocity reaches 
the point where the generator is overloaded, a second 
overload relay takes command and continuously 
raises the field strength until the overload slows down 
the wheel sufficiently so that the resulting aerodynamic 
losses reduce the output. 

To prevent runaway speed when the wheel is dis- 
connected from the utility circuit, or in any other 
emergency, heavy brakes are installed on the back 
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TABLE IIIb 
Various energy quantities in arbitrary units. 


Layout from Fig. 2; data from Table II 
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of both wind wheels. These have an automatic feature 
and are operated alternatively by electric current, 
compressed air, or manually. Other safety measures 
should be installed in accordance with the conditions. 

The very high tower proposed in the study-design 
has no doubt raised questions in the minds of 
engineers. The reasons are quickly given. 

The construction cost of the aerogenerator puts a 
heavy premium on adequate wind velocities, which 
should average at least 17:5 to 22 miles per hour to 
secure the lowest cost power. 

Over free-ground the energy content of the wind 
at elevation of 500 ft. is believed to be between 2:5 
and 3 times that near the ground. 

The wind wheel, if of the high-speed type, taps a 
cylinder of air several times the diameter of the wheel 
so that a corresponding clearance from the ground 
is desirable. 

Only the component of the wind normal to the 
plane of the wheel is useful. The wind near the ground 
and around all rough hills or broken ground is far 
from being streamlined. 

The cost of the 475 ft. tower of the study design 
is estimated as less than 25 per cent. of the whole 
aerogenerator. 


Wind energy necessary to give minimum diversified 4-hour capacity on peak included above 





Of course, it is not strictly necessary to have so 
high a tower, if this height is considered objectionable. 

A word of caution; the writer has searched the 
literature for helpful information as to how to design 
a wheel to secure maximum effectiveness. No clear 
exposition of the subject has been found. As a matter 
of fact, most of what is available is applicable strictly 
only to the type of wind wheel in which the surface 
of the wheel circle is largely covered by the blades, 
so as to give a more or less constant flow of air 
throughout the wheel section; that is the farmer’s type. 

It appears, however, from the example of the aero- 
plane propeller and elsewhere, that the open type 
turbine wheel, with a solidity ratio of less than 10 
per cent. near the tip, is far more effective, when 
operating with tip speeds at least half the speed of 
sound, than those types discussed in the literature. 
To make the necessary information available to 
engineers in a usable form, the writer has prepared 
a monograph “Aerodynamics of the Wind Turbine,” 
issued by the Federal Power Commission of the 
U.S.A., Washington, D.C., which treats this subject 
for the designers of wind turbines. 

Space will not permit pursuing this very important 
and highly interesting analysis further. 





Continued from page 301 
consumers or about 400,000 people still without a 
supply of electricity. In three years, therefore, nearly 
30 per cent. of the potential consumers in the Board’s 
area have been a given a supply. 

During the year, 12,082 consumers were changed 
over from direct current to alternating current supply. 
Supplies of electricity were provided for the first time 
in 105 villages, hamlets and new housing areas. The 
total length of distribution lines at the end of the year 
was 5,808 miles, about 310 miles of which were 
erected during 1950. 

The 132,000 V. Highland grid system in operation 
or under construction at the end of 1950 consisted of 
1,120 miles of lines and 10 switching stations. The 
Board have promoted 10 schemes for main trans- 
mission. 

The report claims that the Board by making use 
of local stone as far as possible in the building of 
generating stations, substations and staff houses, have 
contributed to a revival of the Scottish stone quarry 
industry in the north and the craft of the stonemason. 
For example, the new diesel generating station at 
Kirkwall, which will be one of the largest diesel 
stations in Britain, has been built of local stone as is 
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the small hydro-electric station at Gairloch. Another 
application of local stone to present-day building was 
the facing of the Sloy, Clunie and Pitlochry generating 
stations with pre-cast slabs of granite from Aberdeen. 
The Board are building all their main groups of staff 
houses of stone: at Tarbet, Loch Lomondside, for the 
staff of the Loch Sloy scheme, at two sites at Pitlochry 
for the staff of the Tummel Valley stations, and at 
Cannich, Strathglass, for the staff of the Affric scheme. 

Research work undertaken by the Board last year 
included an investigation into new methods of tunnel 
driving, experiments with an electrical fish screen and 
an electric enumerator to count fish passing up the 
fish passes at dams, research work in connection with 
a peat-fired gas turbine and the drying of hay by 
electricity. The foundations and steel tower of the 
100 kilowatt experimental windmill were erected on 
Costa Hill, Orkney, and the machinery after being 
tested in the manufacturers’ works, was shipped to 
Orkney in preparation for installation. 

Capital expenditure during 1950 was £12,213,55l. 
The profit for the year of £5,204 has been added to 
the balance of £22,470 brought forward from 1949 
and the aggregate surplus of £27,674 is being carried 
forward. 
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Vila Nova; upstream view of dam 


The Vila Nova Scheme 


The second stage in an important scheme for the development of hydro- 
electric power in Portugal was reached on Saturday, 9th June, 1951, when the 
first of three water turbine generating sets was put into commission in the 
newly built power station at Vila Nova, about 60 miles north-east of Oporto. 


HIS project had its origins in a decision taken by 
im Portuguese Government in 1945 to sponsor 

the exploitation of the country’s natural resources 
as fully as possible. Vila Nova is situated on the banks 
of the Cavado river near its confluence with the 
River Rabagao and the scheme for the development 
of the Cavado-Rabagao basin was entrusted to the 
Hidro Electrica do Cavado, a company formed for 
the purpose. 

The commissioning ceremony was carried out by 
the Senior Minister, His Excellency Dr. Costa Leite 
Lumbrales, supported by the Minister of Public 
Works and the Minister of Economy, in the presence 
of a large number of distinguished guests and Govern- 
ment and other officials. The station is being equipped, 
in the first instance, with three 39,000 h.p. water 
turbines of the horizontal-shaft double-runner Pelton 
type each coupled to a 32,000 kVA generator running 
at 428 revolutions per minute. There are also three 
30,000 KVA 11/165 kV three-phase banks of single 
phase transformers and 165 kV and 30 kV switchgear 
including air-blast circuit breakers. The hydraulic and 
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electrical equipment installed has been supplied by 
the English Electric Export & Trading Company and 
Metropolitan-Vickers Electrical Export Company 
who have become known in Portugal as the British 
Group. Room has been left in the power station for 
a fourth set to be installed at a later date when the 
demand for electrical power in Portugal has been 
sufficiently developed. 

The water for the power station at Vila Nova is 
derived from a tributary of the Cavado river, the 
River Rabagao which flows at this point some two 
miles to the south-east at an altitude approximately 
1,500 ft. higher. A dam about 300 ft. high has been 
built across the River Rabagao and is known as the 
Venda Nova Dam. The water from the reservoir flows 
first through a tunnel driven through the mountain 
for a distance of about 14 miles to a valve house 
situated at the top of a steep declivity which runs 
down to the Cavado river on the banks of which the 
power station has been built. At the valve house the 
water enters a steel pipeline, which has been erected 
on the face of the hillside, and is led into the power 
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station from which, after passing through the water 
turbines, it finds its way into the Cavado river. This 
steel pipeline, eight feet in diameter and about 950 ft. 
long, was supplied and erected by the South Durham 
Steel & Iron Company acting as sub-contractors to 
the British Group. 

The exploitation of these two rivers, the courses of 
which provide a natural head of nearly 1,300 ft., has 
called for considerable engineering ingenuity and the 
success of the scheme will be a lasting monument to 
the foresight and skill of all who have taken part in 
it. Placed as it is in a mountainous region full of 
geological faults, the site is both difficult of access 
and difficult to develop and the transport of the plant 
from the coast has not been the least of the many 
problems which have had to be tackled. The forma- 
tion of the reservoir and the consequent flooding of 
part of the Rabagao valley have necessitated the 
complete submerging of a village known as Venda 
Nova. 

It will be recalled that one of the last public acts 
of the late Marshall Carmona, President of the 
Portuguese Republic, was to bring into operation the 
power station on the Zezere river at Castelo do Bode 
situated about 90 miles north-east of Lisbon. This 
station was the first stage in the scheme for the hydro- 
electric development of Portugal previously referred 
to. The hydraulic and electrical equipment installed 
in this station has also been supplied by the English 
Electric Export & Trading Company and Metro- 
politan-Vickers Electrical Export Company and it is 
meeting the increased national demand for electrical 
energy without difficulty. 


Fig. 2. Interior of machine hall showing first set 


completed and second in course of erection 


Fig. 3. General view of station, switchgear and pipelines 


WATER POWER 


August 


1951 








S INCHES PER mMiNUTE 


ny 


» 





Physical Properties and Drillability 
of Mine Rocks 


PART THREE. In the preceding articles, R. Shepherd, 

B.Sc. (Hons.) A.M.I.Min.E., F.G.S., has indicated where 

existing methods of rock testing are deficient when used to 

determine the drillability of different rocks. He now con- 

tinues with discussions on the effects of bit diameter, worn 
bits, and measurement of penetration speeds. 


INCE the K values as already indicated vary with 
S the diameter of bit used, there can be no standard 

measure of drillability based on the K value with- 
out taking into account the bit diameter. Bits also 
increase in weight as their diameters increase, and so 
the equivalent loadings with larger bits will be some- 
what greater than with smaller bits. 

Thus, for a certain size of bit the equivalent applied 
load will be W + w, where W is the actual applied 
load and w the weight of the bit. 

The equivalent applied load per sq. in. of bit circle 
swept out will therefore be 


=. bb. per sq. in. where d = the 
7 6 


bit diameter and this can be simplified to SY -where 


W, = applied load + bit weight. 





40 : ; ae 


yy 
wa 


S INCHES PER MINUTE 











“Ss dl | 
© 0 \200 300 400 500 600 100 800 900 1000 woo 


Wz LB.PER SQN 
Fig. 14. Relationship between penetration speed and 
the ratio applied load to the square of the bit diameter 
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It has already been shown that 
S=KW+C 


where K = slope of the line and is a 


Taking into account the weight of the bit and applied 
load per sq. in., we have 
a K,4W 


et Cc 


and this gives a relationship between S and 


ds 
The slope of the line will now be a() and can 
d® 


d 


be termed the K, value. 

By carefully conducted tests the K, value was found 
to be approximately the same for all sizes of bit. This 
value will be more indicative of overall drilling con- 
ditions and comparative values can be obtained for 
different rocks using bit sizes to suit the conditions. 
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Fig. 15. Relationship between penetration speed and 
the ratio applied load over the square of the bit 
diameter 
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It was decided to call the upper gradient value, ie., 
above the critical point, K,, and the lower value below 
the critical point K,. It was possible, by utilising the 
S; i relationship to widen the scope of the tests, 
the small bits, 4 in. and } in., being used for the more 
difficult subjects and the larger bits for the softer 
rocks in order to obtain measurable penetration 
speeds. As the weight of the machine is a constant, 
40 Ib., it has been neglected in all cases and the value 
W represents the loading in excess of the machine 
weight. 


TABLE VI.—K, AND K, VALUES 

Heavier Lighter 

Loading Loading 
K, K, 

(x 10°) (x 10°) 
Ironstone 153-9 73°7 
Gritstone . 141-5 44:8 
Coal (perpendicular to cleat) 122-2 17°8 
Coal (parallel to cleat) 65-4 te 
Bind ; 62:7 19-1 
Sandstone (Parkgate Rock) 58:1 m3 
Haematite , 20°7 0-7 
Limestone IV 14°1 11:0 
Limestone II 14:0 1:7 
Granite... 13-0 1-4 
Syenite ” 43 0:4 
Limestone III 3 1-1 
2:8 1-1 


Limestone I 


Table VI gives values for K, and K,, these being 


obtained from the graphs S and yd for the different 
rocks under test. Figs. 14, 15, 16, 17 and 18 show 
the relationships for 4 in., } in., 1 in., 1} in. and 14 in. 
bits respectively. The values in Table VI are the 
“ arithmetic means” of the measured values. 

K, and K, values are studied under two headings: 
(a) light load conditions, and (b) heavy load 
conditions. 

(a) Light loading (K, values). — Coarse-grained 
sandstone, gritstone and the green oxidised ironstone 
appear to respond easily to changes in loading, as to 
a lesser degree does the finer-grained limestones. 
Syenite has a very low K, value while haematite is 
slightly higher in the scale. 

Gritstone has been noted as a very abrasive subject, 
but, on the other hand, is loosely grained. The com- 
bination of these two factors determine the K, value, 
which in this case is 44-8. The maximum critical value 
for gritstone for new bits up to 14 in. diameter is 
100 Ib. and, as has been already stated, this compara- 
tively low reading will cause a fair degree of bit wear. 
Decreasing the load will increase the wear and a rapid 
fall in penetration speed will result. Ironstone, on the 
other hand, as tested, is not abrasive, but the peculiar 
structure of the actual sample will result in high K, 
values. 

(b) High loading (K, values).—The table gives the 
K, values in descending numerical order. Ironstone 
and gritstone are again high in the list, but the coal- 
measure sandstone (Parkgate Rock) is not so pro- 
minent. Some rocks, such as haematite and syenite, 
while difficult to drill at low loading values, appear 
to be more susceptible to increases in load under high 
loading conditions, and compare favourably to some 
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Fig. 17. Relationship between penetration speed and 
the ratio applied load to the square of the bit diameter 


limestones, e.g., limestones I and III, which are alike 
in some respects. 

Abrasion appears to influence the K, value toa 
smaller extent than the K, value. The coal sample is 
not particularly abrasive yet decrease in load results 
in a fairly rapid fall in penetration speed, especially 
when the subject is drilled perpendicular to the cleat. 

It is essential to bear in mind that abrasion alone 
does not influence the K, and K, values. A particular 
physical property or variable infiuences the drillability 
of a subject when that variable has a preponderance 
over the remaining variables. 

Present state of knowledge of the subject indicates 
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Fig. 18. Relationship between penetration speed and 
the ratio applied load to the square of the bit diameter 
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Fig. 19. Variation in critical load for varying sizes 
of bit 


that the following variables influence (a) the K, and 
K, values, and (5) the critical value. 

1. Abrasiveness of the rock. 

2. Size of grains or minerals. 

3. Shape of grains or minerals. 

4. The nature of the matrix. 

5. The toughness of the rock. 

It appears to be reasonable to assume that the K, 
and K, values are influenced therefore by the algebraic 
summation of the above variables and give values 
which indicate the overall drillability of a particular 
subject. 

Before we can estimate the individual extent to 
which each independent variable influences the overall 
Values obtained, it is necessary to analyse the 
petrological composition of each subject. 

For an accurate evaluation of K, and K, in each 
casé It was necessary to perform very careful tests, 
Particularly in abrasive rocks. In all cases the bit, if 
it showed signs of wear denoted by loss in weight, 
Was reground before re-use in either the same rock 
WATER 
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Fig. 20. Graphs illusirating the hypothetical relation- 
ship between penetration speed S and depth D for 
three rock samples, drilled by the same diameter bit, 
and under constant load conditions 
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Fig. 21. Variation of penetration speed with depth, 
under constant load 


or other rocks. Thus, by careful weighing after each 
run it was possible to determine how the standard 
conditions had varied. The total gauge loss for each 
bit taken over the full period of testing amounted to 
less than 0-001 in., and so can safely .be ignored. 


Critical load 
The rate of variation of critical load for varying 
bit diameters is shown in Fig. 19, while Table VII 


lists the values in terms of A units and in lb. The 


curves shown in full lines indicate that there is a 
progressive increase in the critical load for increases 
in bit diameter, but it is difficult to lay down any hard 
and fast rule for the increase, i.e., there is no law 
applicable to all rocks. Curves for some rocks, e.g., 
syenite, haematite, etc., have critical loads for all bit 
sizes, and it is fairly correct to assume that rocks 
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TABLE VII. 





—, Ib. per sq. in. 








CRITICAL LOADS FOR VARIOUS BIT SIZES 


















d 
| | | 
$in. | Zin. | 1 in tin. | Ifin. | 4 in. } in. 1 in. 1} in. | 14 in 
Granite 728 392 248:5 | (174-5) | (128-3) 181-5 220 247 (270) (285) 
Syenite 567 (367) | (228-5) | (157-2) (115) 163-75 (205) (227) (243) (255) 
Haematite 901 392 - - 220 225 — 
Limestone I - 267 205 =| (149-5) | (112°6) (60) 150 203-5 (231) (250) 
II 445 298 197 (136°6) (90-5) 106 167°5 195°5 (211) (220) 
tt — | 267 - — 150 ~ . 

s IV | 305 | 203 167°5 | | (1361) | (115) | 75-75 114 166 (210) (255) 
Gritstone | - ~- 63-0 as5° | -— 96 99 
Sandstone (Parkgate Rock)| (102) (58°6) 50-0 50-5 57-6 (25) (32) 48°5 16 23 
Bind .| (100) (80-0) 62:0 50°0 | 42:5 (27) (44) 60°5 | 75:9 95-6 
Ironstone } (4:0)* | (1°78)* 37°5 wi | Be (Zero) (Zero) 36 76 131 
Coal (I to cleat) - 65-0 42:0 | 413 —- — 63°5 63-9 89-4 

i Pb | (4-0)* | (72-8) 72:5 62°5__| (53:5) | (Zero) | (40) 71 95-8 | (117) 








*Due to weight of drill only. 


( ) Interpolated values. 





curves 


WwW 
which exhibit gradient changes on the S$ - 


for all bit sizes comprise the more difficult rocks so 
far as drillability is concerned. 

Assumed extensions of the curves are shown in 
broken lines. Only limestone IV, bind and possibly 
ironstone conform to straight-line relationships within 
the limits of the test. Most limestones appear to have 
low critical values for small bit diameters, while coal 
is drilled at the higher value K, for bit diameters less 
than 4 in. The actual example of ironstone used in 
these investigations exhibits no gradient change for 
bits smaller than | in. dia. 


TABLE VIII—COMPARISON BETWEEN REGROUND 
AND WORN BITS 

Subject Bit Size Critical Load 
Coal (perp. to cleat) 1 in. (Reground) | 63°5 
. - a 4 in. (Worn) 101-0 
Sandstone (Parkgate Rock)/ 1 in. (Reground) 48°5 
ng 7 am 76°0 
+ in. (Worn) 96-0 
[itin. | oe 

TABLE IX 
K, | Bit Condition 


Subject K, 


Coal (perp. to cleat) 125-0 | 17°57 | Worn. j in. 


122:2 | 17:80| Reground bits 
(see Table VI) 
1-0 
Sandstone (Parkgate Rock) 57°4 Worn } in. 
Worn 1} in. 
58:1 | 22 Reground bits 


Effect of using worn bits 

Bits of the sizes } in., 1} in. and 14 in. which had 
become duiled were tested in the coal and sandstone 
samples, i.e., in a non-abrasive and in an abrasive 
subject. The present coal sample is classed as a non- 
abrasive subject since it contains no abrasive bands 
such as of pyrites, etc. 

The effect on (a) critical load and (b) K, and K, 
values were studied. 





(a) Critical load—Table VIII gives the values for 
critical load. 

The noticeable effect produced by drilling with 
worn bits is the requirement of a heavier loading to 


produce a change in the gradient of the S$ i curves. 

(b) K, and K, values—Table IX shows the K, and 
K,, values for certain new and reground bits. 

Although the penetration speed is much lower, as 
is well known, when using worn bits and a greater 
load is required to effect a more rapid increase in 
penetration speed, the K, and K, values for worn and 
reground bits as shown in Table IX are approximately 
the same. 

From this it may be inferred*that worn bits may 
be used for determining the drillability of a particular 
rock providing the degree of wear is not such as to 
reduce the penetration speeds to very small im- 
measurable values. 


Penetration speeds 

One method often used for the determination of 
penetration speed is to drill a fixed depth under a 
constant load or thrust. This method is suitable for 
comparing bits, machine performances, etc., providing 
all tests are carried out in the same rock, but is not 
suitable for comparing rock drillabilities where the 
rocks have diverse abrasion characteristics, grain size, 
etc. 

Fig. 20 illustrates the hypothetical relationship be- 
tween penetration speed S and depth D for three rock 
samples, A, B and C, drilled by the same-diameter 
bit, and in each case under equal constant load 
conditions. 

Assume that all rocks have the same initial pene- 
tration speed S, but that C is a very abrasive rock, 
B less abrasive and A least abrasive. 

Since A is least abrasive the rate of fall in penetra- 
tion speed will be the least followed by B, and C will 
have the greatest rate of fall. Rock A will achieve its 
approximately constant or asymptotic value S, at 
depth D,, but B will not achieve its approximately 
constant value S, until depth D, has been drilled and 
C its approximately constant value S, at D,. In order 
to reduce the rate of fall to the value given by A, it 
would be necessary to increase the load in each case. 
Even the least abrasive rock displays this initial fall 
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in penetration speed under constant loading, and it 
may be attributed not only to abrasive properties, 
but also to increasing rock resistance. If short drill 
runs are not made over the depths D,, D, and D, 
the effect of build-up of cuttings exerting a resistance 
must also be considered as another factor. 

Thus, the average penetration speed is the area 
bounded by the curve, the S$ axis and the asymptote 
divided by the total depth drilled before the asymp- 
totic value is reached. 

In the case of rock A this will be:— 


D, 


= 
Yale 


for rock B 


for rock C 
and 


assuming that the graphs connecting § and D are 
rectangular hyperbola with respective constants k,, k, 
and k;. 

Thus, the calculated average penetration speed is 
dependent on the depth drilled and a wholly in- 
accurate estimation may be made if drilling be stopped 
short of the point where the asymptotic value is 
acquired or carried further, unless the values are 
plotted and the required values obtained from the 
resultant graphs. 

Fig. 21 illustrates the results obtained under con- 
stant loading conditions. It will be seen that low 
abrasive rocks such as limestone II and IV (non- 
siliceous) and ironstone have lower rates of fall in 
penetration speed than, say, gritstone and sandstone, 
which are more abrasive. The bit diameter will, of 
course, influence the S/D curves as the rate of bit 
abrasion is not the same for two bits of unequal 
diameter. 

The penetration speeds were measured for each 
rock subject over a very short depth of hole with 
constant load, and the graph, Fig. 22, shows the 
relationship between the penetration speed and the 
square of the bit diameter with a constant loading 
126 lb. This load was selected for the test since it 
represented the maximum load possible with the 
machine before it was modified to take heavier load- 
ings. The values of the penetration speeds recorded 
on the graph comprise:— 

(a) Initial values obtained at the commencement of 
routine tests with 126 Ib. loading. 

(b) Values obtained on non-abrasive rocks for inter- 
mediate loadings of 126 Ib., where initial loadings 
were much higher. 

(c) Average results from special tests with 126 Ib. 
loading. 

It is aparent from the curves that S is proportional 


l acd . a ; 
to re This is verified in Fig. 23, which shows the 
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Fig. 22. Variation in penetration speed relative to the 
square of bit diameter under a constant load of 126 Ib. 


straight-line laws connecting S and +z 

Fig. 22 indicates that very small bit diameters give 
infinitely high penetration speeds. Likewise very large 
bits will result in infinitely low speeds, although zero 
penetration speed will not be acquired with any large 
bit providing it still rotates. In practice, infinitely small 
bits under heavy load, of course, would not achieve 
any penetration, owing to the flexing of the necessarily 
small-diameter drill steel. 

The exact relationships already discussed are true 
only for the special solid test bits used, but there is 
no reason to dispute that similar graphs would be 
obtained for other type bits providing:— 

(a) The load was kept constant. 

(b) The rotary speed (r.p.m.) was constant. 

(c) Each bit had equal cutting angles, equal clear- 
ance angles and the same design. 

(d) The correct technique of observing the penetra- 
tion speed was adopted as discussed. 


Penetration speed under constant load conditions 

It has been shown already that for any single bit 
S «< W, S being the penetration speed and W the 
applied load. For all bit sizes § ne where d is the 
bit diameter. If / is the height of the cutting edge 
and f secs. the time which elapses before / has been 
drilled, i.e., before the cutting edge has been totally 
immersed in the rock and the full bit diameter utilised. 
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Fig. 23. Variation in penetration speed to the recipro- 
cal of bit-diameter squared, under constant load 
conditions 
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H. A. Sieveking 

It is with regret that we have to record the 
sudden death of Mr. H. A. Sieveking, M.Sc.(Eng.), 
M.Inst.C.E., M.I.E.E., of The English Electric Com- 
pany, who died, at the age of 46, on June 20th last. 
He was a distinguished hydro-electric engineer, and 
in addition to contributing to Water Power on a 
number of occasions, he was always ready to give 
advice and assistance to the editorial staff from his 
world-wide experience in the field covered by this 
journal. j 

Apprenticed with the British Thomson-Houston 
Co. Ltd., he entered their Switchgear Department in 
1928, but subsequently left them to study hydro- 
electric practice with J. M. Voith, in Germany. He 
served with the Central Electricity Board, in London, 
from 1933 to 1940, during which time his work 
covered a diversity of matters, such as comparisons 
between public supply and private generation for large 
loads. From 1940 to 1945, he was with James Howden 
& Co., as chief electrical engineer and technical 
assistant to the board of directors, and in the latter 
year he joined the Hydro-Electric Department of the 
English Electric Co., being largely concerned with 
projects in Canada, Brazil and India. He also lectured 
on hydraulic turbine design at the Imperial College of 
Science and Technology, and earlier this year gave a 
series of lectures at King’s College, London, on “Some 
Aspects of the Development of Hydro-Electric 
Power.” He was also a barrister at law, having been 
poy to the Bar at the Middle Temple in November, 
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of a drilling bit 


When depth drilled is less than /:— 


Sa r3 where d,<d 
a) 


| 
ie, SX —- 
d,? 
If # be the cutting angle, see Fig. 24, 
d 6 
then r / tan 9 


' ; 4 
d°* =4F tan’ 5 


— i 
but S « 7 as already indicated; 
a 


therefore S 





hyperbola. 

After the full depth / has been drilled, assuming 
constant load conditions, the fall in S will depend on 
several conditions: (1) extent of abrasive wear of the 
cutting bit; (2) the changing conditions of the rock, 
i.e., whether or not the bit has passed the weathered 
crust zone. 

(To be continued) 






In Parliament 


In the House of Commons on July 2 Colonel 
Gomme-Duncan asked the Secretary of State for 
Scotland what was the original estimated cost of the 
Loch Sloy, Loch Morar and Lochalsh hydro-electric 
projects, what, to date, was the actual expenditure, 
and what was the latest estimate for the completion 
of these »projects. Mr. McNeil said the estimated 
cost in 1944 of the three projects mentioned was 
£4,600,000. He was informed that the expenditure on 
these projects to the end of May 195i was £9,043,000. 

Colonel Ralph Clarke asked the Minister of Fuel 
and Power what experiments were being undertaken 
with a view to the development of small and medium- 
sized hydro-electric projects. Mr. Noel-Baker said the 
British Electricity Authority had under consideration 
a number of hydro-electric projects of small and 
medium size, and investigations were proceeding to 
se2 whether they would be economically sound. 


“ They're Everywhere” is the title of an industrial 
film which Glenfield & Kennedy Limited have had 
prepared to show the care taken to turn out precisely 
dimensioned and trouble-free sluice valves. The pro- 
duction of the film was entrusted to Edward Cook 
of the Big Six Film Unit and in addition to showing 
actual valves in an almost endless variety of industrial 
application, the shots take one through a tour of the 
40-acre works, explaining the manufacture of each 
component and the steps taken to achieve technical 
perfection. 
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Fig. 24. The dimensions 




















therefore over the depth /, § against /* is a rectangular 
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Manutacturers’ Developments 


Kent Dall Tube for Flow 


Measurement 


An imporiant advance in the fie‘d of flow measur-- 
ment by means of a pressure differential has been 
made by George Kent Limited, London and Luton. 
Three devices for producing the required pressure 
differential are in common use today —the long 
venturi tube (known also as the “full” or “classical” 
tube), the short venturi tube (or venturi “orivent’) 
and the orifice plate. George Kent Limited have now 
developed an entirely new device, known as the “Dall 
tube.” which for a given differential is smaller and 


lighter than the short venturi but is claimed to be 
superior even to the long veniuri in differential- 
pressure recovery. This has not been done at the 
expense of accuracy, for the discharge coefficient of 
the Dall tube is stated to be stable and constant over 
its whole range. 

The following comparison brings out the position 
clearly. Taking the upstream pressure as 1,000 units 
and the pressure differential applied to the measuring 
instrument as 100 units, the overall pressure loss for 
each of the four devices is as follows: long venturi 
10 units, short venturi 16 units, orifice plate 60 units, 
and Dall tube 6 units. These values vary somewhat 
for other throat ratios, but they represent an average. 

These characteristics can give rise to important 
Savings, particularly where large pipelines are con- 
cerned. A meter requiring a certain differential 
pressure can work with a Dall tube with 30—SO0 per 
cent. less overall pressure loss than a long venturi 
tube. Alternatively, if the head loss is specified, the 
differential pressure generated by the Dall tube is 
almost twice or three times that generated by the 
long or short venturis respectively. This means that 
the operating power of the measuring instrument can 
be much higher, making for greater robustness and 
reliability. 
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The Dall tube can also be used as a differential 
amplifier in combination with a large venturi tube 
(say upwards of 30 in.). A small bypass carrying the 
Dall tube is fitted between upstream and throat tap- 
pings on the venturi, and the greatly amplified head 
generated by the Dall tube is led to a second measur- 
ing instrument (the first being across the main tube), 
enabling readings to be taken down to about 1/20th 
or 1/30th of the maximum flow in the venturi. In this 
way the combination gives a wide flow range with low 
head loss. 

The Dall tube is made of cast iron or steel, with a 
liner of brass or gunmetal, and consists of a short 
length of lead-in parallel pipe followed by two cones 
spaced apart at the throat, allowing a small gap. The 
larger end of both cones is appreciably smaller than 
the pipe bore. Both the cones are short and for the 
smaller sizes fully machined. Above about 24 in. pipe 
diameter only the centre portion of each cone is 
machined. Upstream pressure is taken out just before 
the larger end of the approach cone, while the throat 
tapping is within the chamber formed by the cone 
walls, in line with the gap between them. The Dall 
tube is much shorter than the venturi, averaging little 
more than one-and-a-half pipe diameters long, and is 
therefore correspondingly lighter and can be made as 
a complete unit. 

For water-flow measurement the tappings should 
be at the side of horizontal or sloping mains. Tubes 
should be installed with at least 10 pipe diameters 
of straight length on the upstream side. No straight 
length of pipe is required downstream, and any form 
of control required should be fitted on this side. The 
tube should be placed so that it is constantly full and 
preferably under pressure. If desired, an inspection 
cover is fitted on Dall tubes over 12 in. in diameter. 


Gantry Crane tor Headworks 


HE Dominion Bridge Company have recently 
supplied and erected a 25-ton electric gantry crane 
which is used on the headworks of a large scheme 
operated by the Hydro-Electric Power Commission 
of Ontario. It is used for handling trash racks, emer- 


gency stop logs and head gates, and incorporates an 


auxiliary high-speed hoist for lifting the trash rack 
cleaners. As may be seen from the accompanying 











illustration, the trash rack sections and emergency 
gate logs are lifted by a follower, which hangs on the 
main hook. The follower is provided with hooks or 
latches at each end which automatically engage when 
lowered into the gate or other item to be lifted. The 
standard practice until now has necessitated the 
employment of a man to walk along with the crane 
on the deck of the dam, close to the gate slots, for 
the purpose of retrieving the rope which operates the 
lifting hooks. This man had necessarily to work close 
to slots over the running water, in somewhat 
hazardous conditions, especially in winter, when snow 
and ice conditions exist. 

To meet the customer’s specified requirements for 
the crane on this project, the Dominion Bridge Co. 
Ltd. originated a device whereby the rope is at all 
times kept taut; during the hoisting operation a 
torque motor drive connected to the latch system 
keeps a light tension on the rope so that it is auto- 
matically retrieved. When the time comes to release 
the latches the crane operator has only to press a 
button in his cabin for the full operating pull to be 
applied and the latches released. 


Staffa 12 inch Hydraulic Pipe 
Bending Machine 


This machine, manufactured by Chamberlain In- 
dustries Limited, of Staffa Road, Leyton, London, 
E.10, is designed to bend solid-drawn steel pipe of 
12} in. external diameter, with maximum wall thick- 
ness of } in., bending centres 8 ft., with a maximum 
angle of bend per stroke of 5 deg. It consists of a 
central former or saddle mounted on a hydraulically 
operated ram and moving between two end chain 
fixings. The ram unit, together with the end chain 
fixings, is contained in a box-section beam which can 
be rotated through 90 deg., enabling the pipe to be 
bent in a vertical or horizontal plane or at inter- 
mediate angles. 

The main frame, which has an overall length of 
13 ft. 2 in., with a depth of 2 ft. 6} in. and a height 
of 3 ft. 2 in., is of bolted and welded construction, 
the main members (two 8 in. by 5 in. rolled-steel 








joists) acting as skids on which the machine rests. 
One end of the frame is extended to form a platform 
on which the power unit is mounted. The bending 
beam, the overall length of which is 9 ft., is made up 
of } in. plate welded to form a box section of maxi- 
mum size at the centre and diminishing in two planes 
to form a 12 in. square box at each end. A heavy-duty 
trunnion is welded into place in each end of the beam, 
the trunnion at the power unit end being hollow to 
permit the passage of two flexible pipes to the ram, 
and two cast-steel chain-fixing brackets are bolted at 
each end of the beam to give bending centres of 8 ft. 


The ram unit is tested with a 25 per cent. overload 
before installation in the machine. The ram is of 
high-tensile steel 54 in. diameter, having a full stroke 
of 12 in. and developing a forward thrust of 85 tons. 
The maximum ram travel speed forward is approxi- 
mately 3 in. per min., and the maximum return speed 
approximately 8 in. per min. The cylinder is made 
in one piece of cast steel, of 7 in. internal diameter 
and 11 in. external diameter, designed to withstand 
a working pressure of 5,000 Ib. per sq. in. The ram 
nose is manufactured from high-tensile steel and 
designed to permit 5 deg. of movement of the former 
in any direction. This avoids kinking, as it provides 
for the groove in the former to be tangential with 
the tubing. The former, which is mounted directly on 
to the ram nose, is a one-piece steel casting with an 
overall length of approximately 1 ft. 1 in. A lifting 
ring is provided. 

The pipe is retained in position by means of two 
specially constructed pipe chains, the links of which 
are made from high-tensile plate. The link pins are 
of 14 in. diameter high-tensile steel. Sufficient length 
of chain is provided to give | ft. adjustment at each 
end, and the chain will withstand a working load of 
244 tons. The chain-fixing brackets are provided with 
a double set of retaining lugs to hold two pins at each 
end of the chain, as an additional precaution against 
failure. A fixing pin can be provided to hold one end 
of the chain permanently in position. 

The power unit is mounted on a } in. thick base- 
plate and is completely housed in a small frame 
constructed of rolled-steel sections. The frame is 
specially strengthened in places that are likely to come 
into contact with the pipe 
during bending. The unit con- 
sists of:— 

1. Either a J.A.P. forced- 
draught air-cooled governor- 
controlled petrol engine, de- 
veloping approximately 5 b.h.p. 
at 1,800 rp.m., or a 6 hp. 
electric motor. 

2. A Beacham two-stage 
hydraulic pump driven by the 
motor through a vee-belt re- 
duction drive. The delivery is 
controlled by a _handwheel 
giving a variation between zero 
and 120 cu. in. per minute, ap- 
proximately. This enables the 
ram travel speed to be adjusted 
from zero to approximately 
3 in. per minute maximum. 

3. A sheet-metal petrol tank 
mounted above the pump. 
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4. A control panel, consisting of a ram control 
handle with three positions (forward—stop—treturn), 
a hand-control spring-release valve enabling pressure 
to be adjusted from zero to a maximum, a delivery 
control handle, and a 4 in. pressure gauge graduated 
in Ib. per sq. in., and also direct thrust in tons. A 
lock is provided for retaining the delivery handle in 
any one position. The control panel is built into the 
main housing and a detachable cover is provided for 
use when transporting the machine. 

The flexible pipes in the hydraulic circuit are of 
synthetic-rubber construction, with internal wire 





braiding between the two rubber sections to withstand 
a working pressure of 5,000 Ib. per sq. in. 

The actual working time for cold and unloaded 
bends in 12 in. bore tubing is cut to one 90 deg. bend 
per hour, as against two per day by the conventional 
“Jimcrow ” method. A one-man crew is all that is 
required. This machine was originally designed to fit 
the requirements of a large oil company and its com- 
pact and narrow design renders it especially suitable 
for the bending of tube to large sweeps of about 25 ft. 
in situ, in the actual pipe trench. The machine weighs 
2 tons 9 cwt. 





Abstracts from the World 
Technical Press 


Harnessing Floods to the 
Stabilisation of Operating Heads 


In hydro-electric plants working under a medium or 
low head there is, at flood periods, a considerable risk 
of the power house being submerged by the rise of the 
downstream water level. The provision of emergency 
turbines running at flood periods only would prove un- 
economical, and the real problem to be tackled con- 
sists in recovering the loss in head by using the flow of 
floodwater to lower the downstream level immediately 
at the turbine outlet or to increase the depression in 
the diffuser of the turbine. Under the not quite ap- 
propriate term of “head boosters” various solutions 
have been suggested such as Herschell’s and Free- 
man’s devices, acting directly on the diffuser of the 
turbine, or lateral sluices in the dam, working on the 
ejector principle; the advantage of these systems is, 
however, minimised by the high construction costs 
involved. 

At the small automatic Faux-la-Montagne plant, 
attached to the Vienne and Maulde development 
scheme, upstream from Peyrat-le-Chateau, the French 
Regional Board responsible aims not only at prevent- 
ing the plant from being submerged at flood periods, 
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but also at stabilising the head at a constant maxi- 
mum. After extensive model tests effected at the 
Chatou National Laboratory, the solution ultimately 
adopted consisted in connecting the tailrace, about 
60 m. downstream from the plant, to the very steep 
spillway so as to induce a high-speed flow of the 
floodwater, and to create a jet effect at the end of the 
tail race. This solution, which produces the greatest 
depression downstream from the tailrace, clearly 
appears from the appended diagram Fig. 1, which 
shows in plan and longitudinal elevation the con- 
fluence of the tailrace with the spillway. As can 
be seen, the floor of the tailrace has been kept at 
668.25 m., except at its downstream end, where a 
double step (667.55 and 667.10) produces the critical 
depth exactly at the junction of the tailrace with the 
spillway at periods of high water and, on the other 
hand, ensure an easier superposition of the two water 
layers. Moreover, the spillway, which has a gradient 
of 18.6 per cenf., gradually widens from 1.50 to 3.50 
over a length of 50 m. Finally, the junction acts as a 
stilling pool; length and depth of this pool are 
minimal, and the dowstream sill is at 668.10 m. 

This arrangement enables the operating head to be 
kept almost constant at flood periods without involv- 
ing any increase in construction costs. 

The water levels in the tailrace and at its junction 
with the spillway (Fig. 2) show the jet effect pro- 
duced by the floodwater rushing down in the latter at 
a rate of 6 and 12 cu. m. per sec. respectively; this 
jet effect is noticeable as soon as the spillway dis- 
charge reaches 5 cu. m. per sec. 

In the case instanced of a medium-head plant, the 
relative gain in power is necessarily low, but the 
model tests carried out at the Chatou Laboratory 
appear to justify the adoption of “head boosters” in 
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low-head plants. With this end in view, the author 
concludes with a short survey of the latest types of 
run-of-river plants, pier power units and submersible 
plants. Further exhaustive model tests are to be car- 
ried out in this connection at the Chatou Laboratory. 
(G. Marquenet, La Houille Blanche, Vol. 6, special 
issue A, May 1951, p. 268, 11 pp., 19 ff.) 


Work on Flatiron Plant 
Under Way 


The Bureau of Reclamation awarded on April 11 
the contract to build the Flatiron power and pump- 
ing plant, dam, afterbay, and ancillary works. This 
feature of the Colorado-Big Thompson scheme will 
have one of the highest heads on any reclamation 
project. From Bald Mountain tunnel the water will 
fall 1,055 ft. to the dual-purpose plant which will 
generate hydro-electric power, and also pump irriga- 
tion water into Carter lake for the benefit of north- 
eastern Colorado districts. An unusual feature of this 
plant is the use of Francis turbines; heretofore Pelton 
wheels have been used almost exclusively on heads 
exceeding 1,000 ft. 

During slack periods of the day, when the demand 
for irrigation water has been met, the 10,000 kW 
unit will be thrown into reverse and, instead of pump- 
ing water into Carter lake, will draw upon the reserve 
storage to generate power for peak-load demands. 
This is the second time in reclamation history that a 
pumping or generating unit has been called upon 
to serve in a dual rdle; the other similar installation 
is located in Utah on the Strawberry Valley project, 
which the Bureau started constructing in 1906. (The 
Reclamation Era, Vol. 37, No. 6, June 1951, p. 124) 


Roof Bolting in a Diversion 


Tunnel 

The 11 ft. x 12 ft. by 654 ft. diversion tunnel at the 
Keyhole Dam, Wyoming, was driven without using 
any protective lagging or bracing in spite of the fact 
that the surrounding sandstone contained open seams 
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and was subject to slacking when exposed to air. In 
this instance the contractor resorted to a method now 
commonly used in coal mining to hold cracked for- 
mations. The roof bolts, | in. diameter, whose loca- 
tion was left to the judgment of the tunnel foreman, 
were power driven into 14 in. holes drilled radially 
to the axis of the tunnel to a depth of 4 in. less than 
bolt length. All roof bolts were 6 ft. long, except 27 
bolts 8 ft. 4 in. long used horizontally at the portals. 
As shown in the accompanying drawing a steel wedge 
was set into the slotted end of each bolt; when this 
wedge hit the bottom of the drilled hole, the slot 
spread. thus providing anchorage. Plate washers 8 

8 x } in., placed under a nut on the exposed end 
of the bolts, held the faulted rock safely in place 
The nuts were tightened with an air wrench and a 
handratchet wrench. (Engineering News-Record, Vol 
146, No. 20, p. 30, 2 pp., 5 ff.) 


Quebec Power Project 

Having developed the outlet of Lake St. John, 
Saguenay River, the Aluminium Company of Canada 
have now moved up into a tributary of that lake to 
increase the power supply for its Armida works which 
serve Canadian and American defence needs. The 
Company has awarded to Fraser-Brace Engineering 
Company, of Montreal, the contract for the construc- 
tion of a 400,000 h.p. hydro-electric development at 
Devil’s Falls, Peribonka River, near Lake St. John. 
(Engineering News-Record,” Vol. 145, No. 20, 
November 16, 1950, p. 24, col. 1.) 


The Issarles-Montpezat Scheme 


Of the several French development schemes strid- 
ing over the tributary watershed of two seas (Atlan- 
tic and Mediterranean), the Issarlés-Montpezat plant 
in the Ardsche Département, is the only one which 
has so far reached the actual construction stage. In 
this project, water is drawn from the Loire and a 
few of its tributaries in the Gerbierdes-Jones massif 
(Cévennes) for diversion to the Fontauliére, a tribu- 
tary of the Ardéche in the Rhone basin. This scheme 
will, at first, comprise two main dams, one near La 
Palisse on the Loire, 170 m. in length and 60 m. in 
height, the other, 115 m. in length, 47 m. in height, 
at the spot called Moulin-de-Peyron, slightly down- 
stream from the confluence of two Loire tributaries, 
viz., Gage and Tauron. 

In addition, a water intake, consisting of a dam 
66 m. in length by 16 m. in height, is being built on 
the Veyrardiére to divert its course to the Issarlés 
lake. A shaft, about 60 m. deep, sunk near the 
Issarlés lake, will enable water to be drawn from this 
lake between 1,003 and 960 m. The natural water 
level of the lake is at 997 m. The utilisable volume 
of water between 1,003 and 960 represents a reserve 
of about 32 M. cu. m. The water from the Veyrardiére 
will flow through the aeration conduits of this shaft, 
the lake, 108 m. deep, playing the réle of a natural 
regulation reservoir. 

Starting below the bottom of the Issarlés lake, and 
connecting on its way with the Gage and La Palisse 
reservoirs, a tunnel, 17 km. long, will convey the 
water to the penstocks; the first four kilometres of 
this tunnel, 3 m. in diameter (Issarlés-La Palisse sec- 
tion) will ensure alternately the filling of the lake 
and the drawing off of its water to the power house. 
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Owing to the importance of the Issarlés lake as a 
popular resort for tourists, Electricité de France (the 
French Electricity Authority) was requested to main- 
tain the water at a determined level during the sum- 
mer months. 

The 13 km. long section of the tunnel below the 
La Palisse dam will increase in section from 3-20 to 
3-60 m. diameter. 

The driving of the tunnel was started through two 
access galleries (one 343 m. long at the Gage, and 
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the other, 227 m., at Burz), and two shafts 5-80 m. 
in diameter, one 80 m. deep at La Palisse, the other, 
199 m., at Rieutord. 

Following the intake tunnel, the 1,550 m. long 
penstock begins below a surge chamber erected at 
the top of the Suc de Montasset; it is 2:60 m. in 
diameter at the top and 2:30 m. at the bottom, and 
leads to the underground power house excavated at 
Champagne, near Montpezat, 60 m. below the bed 
of the Fontauliére. A shaft fitted with lifts for per- 
sonnel and material will provide access to the power 
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house. Downstream from the power house a dis- 
charge tunnel will convey the water to the Fontauliére 
at a distance of 2,635 m. from the turbines. 

This installation affects a catchment area of about 
200 sq. km. Thanks to the Isslarés lake and the dams 
on the Loire and tributaries the useful reserve stored 
will be about 45 M. cu. m. The provided discharge 
of 22 cu. m. per sec. will actuate two horizontal- 
shaft sets of 81,000 h.p. each consisting of a 15,000 V 
alternator flanked on either side by a two-jet Pelton 
wheel running at 428 r.p.m. 

The aggregate work will involve a total of 380,000 
cu. m. of excavations, of which 320,000 cu. m. will 
be underground, and 25,000 cu. m. in shafts. The 
material required is estimated at 110,000 cu. m. of 
concrete (40,000 tons of cement and 2,000 tons of 
steel), 9,000 cu. m. of timber, 700 tons of explosives, 
and 9,100 tons of steel sections and other metals. The 
plant is to be commissioned in 1955, and it is ex- 
pected that the 325 M. kWh it will produce will 
permit to dispense with the importation of 250,000 
tons of coal per annum, resulting in an economy of 
2,000 M. Fr. (Roger Seive, Equipement Mécanique 
des Mines, Carrieres et Grandes Entreprises, Vol. 29, 
No. 259, May 1951, p. 19, 2 pp., 2 ff.) 


Money-Saving Methods at 
Woodruff Dam 


Jim Woodruff dam is being built across the 
Apalachicola river just below the confluence of the 
Flint and Chattahoochee rivers, near Chattahoochee, 

lorida; its main purposes are to provide a 9 x 
100 ft. navigation channel on the lower Flint and 
Chattahoochee, and power generation. The structure 
will create a lake covering 37,500 acres, which will 
be developed for recreational purposes; the maxi- 
mum head will be 33 ft. 

The principal components of the dam are, from 
east to west: (1) a 3,310 ft. earthfill dike, now com- 
pleted, on the west end of which will be the switch 
yard; (2) a power house with three 10,000 kW 
generators; (3) a 760 ft. long gated spillway section 
with sixteen 40 30°5 ft. vertical-lift gates; (4) a 
navigation lock, and (5) a 1,634 ft. long concrete 
overflow section. The power house and the spillway 
section, as well as the mound for the switch yard will 
be built under future contracts; (4) and (5), which are 
in course of construction, confronted the contractor 
with awkward problems which have been solved with 
great ingenuity. 

In order to overcome difficult foundation condi- 
tions, cut costs on rock excavation, and speed up 
concreting, the contractor devised new types of 
equipment or adapted equipment previously used in 
other industries. He designed a 25 ton trailer for haul- 
ing concrete from the mixing plant to the job; he used 
a shale saw, cutting in the porous limestone founda- 
tion slots 6 in. wide by 54 ft. deep, instead of line 
drilling prior to blasting, and, in co-operation with 
the Corps of Engineers, he developed high-pressure 
water jets for green cutting concrete surfaces to get 
a good bond at construction joints and for cleaning 
the surfaces prior to placing the next lift. 

A distinctive feature of the trailers is that they 
have space for carrying three 4 cu. yd. buckets at a 
time but usually carry only two loaded buckets out 
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to the site, leaving a space for an empty bucket, and 
return to the mixing plant with two empties. Upon 
arriving at the site a crane places an empty bucket 
on the trailer before picking up a loaded bucket 
which, as soon as empty, is returned to the trailer. 
Immediately after the crane has lifted the second 
loaded bucket, the trailer is hauled back to the mix- 
ing plant for another load. 

Not only did these methods, which are described 
in detail in the article, bring about a considerable re- 
duction in construction costs and speed up concret- 
ing, but a conspicuous safety record was achieved. 
(Frederick S. Merritt, Associate Editor, Engineering 
News-Record, Vol. 146, No. 24, May 31, 1951, p. 33, 
3 pp., 6 ff.) 


Digest of this Issue 


Sommaire 


La Houille Blanche au Canada (page 294). 


Cette étude des ressources du Canada en houille 
blanche est basée sur un rapport de la Water 
Resources Division du Department of Resources and 
Development; elle montre comment la puissance 
hydro-électrique exerce déja, bien que partiellement 
exploitée seulement, une influence marquée sur 
l'économie du pays. La capacité des usines installées 
s’éléve aujourd’hui a plus de 12,5 millions h.p., dont 
962 275 ont été ajoutés en 1950. Sur la base d’un 
fonctionnement continu et d’un rendement de 80%, 
les ressources disponibles sont évaluées 4 43 millions 
h.p. 

Une analyse de la distribution par provinces des 
ressources potentielles et exploitées du Canada montre 
que, a l'exception de Vile du Prince Edouard qui est 
assez dépourvue, la richesse hydro-électrique est dans 
ensemble bien répartie. Les progrés accomplis en 
1950 ont été remarquables, dans l'Ontario en parti- 
culier, ainsi qu’en Colombie Britannique. Suivant le 
programme actuel le taux d’accroissement de la 
capacité sera d’environ 600 000 h.p. par an pendant 
plusieurs années. 


La Houille Bleue (page 302). 

L’auteur justifie son affirmation que |l’énergie 
éolienne peut apporter 4 un réseau electrique étendu 
une contribution importante, 4 un prix relativement 
bas. En raison des trés grandes variations du vent, il 
est indispensable de pourvoir 4 l’emmagasinage de 
énergie; le moyen le plus simple est de constituer 
une réserve d’eau, annexe de la station éolienne. 

Etudiant le probléme de l’apport éolien 4 un large 
réseau, l’auteur mentionne les facteurs durée et 
capacité, tous deux basés sur la statistique mensuelle, 
et qui doivent servir a l’evaluation de la puissance 
des stations projetées. En ce qui concerne le type 
d’aéro-generatrice, il estime que le moulinet a claire- 
voie, dont le taux de solidité en bout de pale est 
inferieur 4 10%, donne les meilleurs résultats, avec 
une vitesse de bout de pale au moins égale a la moitié 
de la vitesse du son. 
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Compendio de esta Edicién 


Recursos de Energia Hidraulica en el Canada 
(pagina 294). 

Este estudio de los recursos de energia eléctrica 
canadiense ha sido basado sobre un informe publicado 
por la “Water Resources Division” del Departamento 
de Recursos y Desarrollos, y pone de manifiesto que 
la energia hidroeléctrica, si bien tan sdlo ha sido 
parcialmente desarrollada, esta ejerciendo una in- 
filuencia bien definida en el bienestar econdémico del 
pais. La capacidad de las instalaciones ya existentes 
en la actualidad asciende a mas de 12.1/2 millones 
de H.P. y durante el afio 1950, constituyendo el afio 
bajo revista, se afladieron 962.275 H.P. Se calcula 
que la energia disponible durante 24 horas a base de 
una eficiencia del 80% asciende a casi 43 millones de 
H.P. 

Se reproduce un andlisis de la distribucién pro- 
vincial de la energia eléctrica potencial y desarrollada, 
y en conjunto se pone de manifiesto que los recursos 
de importancia estan bien distribuidos. La wnica 
excepcion es la Isla Prince Edward, donde los recursos 
son pequefios. 

Los progresos realizados durante el aflo 1950 han 
sido de naturaleza saliente y de manera especial 
Ontario ha afiadido instalaciones ascendiendo a una 
capacidad adicional de un millén de H.P. y también 
se estén realizando progresos satisfactorios en British 
Columbia. Los programas preparados en el presente 
indican que la capacidad aumentara a razén de unos 
600.000 H.P. por afic por espacio de algunos afios a 
venir. 


Energia Generada por el Viento (pagina 302). 

El autor establece la reivindicacién de que la 
energia generada por el viento, al ser utilizada como 
un medio auxiliar en una espaciosa red de distribucion 
eléctrica, puede contribuir a la generacién de energia 
de un costo relativamente bajo. Debido a las cuali- 
dades grandemente variables del viento en la mayor 
parte de regiones del mundo es necesario establecer 
algun medio para acumular la energia derivada de 
este elemento y el método mas facil para el logro de 
este objeto consiste en establecer almacenamientos 
hidrdulicos, conjuntamente con instalaciones de viento 
generadoras de energia. 

En este articulo se discute el establecimiento de las 
posibilidades de la energia generada por el viento en 
una red de grandes proporciones y con referencia a 
este punto el autor hace mencién de un factor de 
duracién y de un factor de capacidad, ambos basados 
sobre cifras mensuales, y la clasificacién de una 
instalacién que pueda proyectarse deberia ser deter- 
minada con relacién a los factores referidos. Se 
discute el asunto relativo al control y respecto al 
disefio del generador aéreo el autor considera que la 
rueda de tipo abierto con una relacién de solidez de 
menos del 10% cerca de la punta deberia ser la mas 
efectiva, con una velocidad periférica representando 
por lo menos una mitad de la velocidad del sonido. 

APPOINTMENT VACANT 
CONSULTING ENGINEER; large dams and barrages. 
requires English Engineer, speaking fluent French, for civil 
engineering offices and technical and general relations with 
English speaking countries. Residence Paris. Possibilities of 
distant travel.— Write: Bureau Coyne & Bellier, 19 rue 
Alphonse de Neuville, Paris 17° (France). 
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ALLGEMEINE ELEKTRICITATS - GESELLSCHAFT 


Berlin-Grunewald Export Department Frankfurt a.M. 
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We have been privileged to co-operate in yet 
another important overseas hydro-electric contract 





for the Norton Bridge Power Station at Hatton, Ceylon. 
For this contract 2,000 tons of South Durham Steel 
Pipelines were manufactured, erected, and welded 
and tested in situ by South Durham engineers ana 
skilled workmen. Our experience in this field and the 
assistance of our advisory staff are always at your service. 


SOUTH DURHAM STEEL PIPES 


. South Durham Steel & Iron Co. Ltd., Pipe Dept : Stockton-on-Tees. Phone: Stockton-on-Tees 66117. 
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One of the tests we stage for interested visitors to 
our works is to suspend over an intensely hot fire FACTORIES and Work 
lengths of Pyrotenax and other electric cables, all Leuntiten, Disees . 

properly connected up in parallel to signal lamps. 

Whereas the others fail in @ matter of seconds, 

\WARSH | PS Se Pyrotenax carries On. 
nd Dockyard ances We have other demonstrations to show how Pyro- 
tenax can be bent, bullied and battered without 
disturbing its poise, and how it resists corrosion. 


The ease with which it can be installed —and how 


AERODROMES 


neatly—is also shown. 


If you cannot visit Hebburn. write for our booklet 
“Current Carrying »__and for our technical data 
_which tell you all you need to know. 
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For installations in Factories, Oil Refineries, Steel, 
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Aluminium Bronze 

180 h.p. Turbine 
Runner supplied to Messrs. 
Githert Gilkes & Gordon 
Ltd.. of Kendal, England 


HIGH TENSILE 
ALUMINIUM BRONZE 


CASTINGS 


WATER POWER 
INSTALLATIONS 


possess a Tensile Strength of 45 tons per sq. in., 
have a specific gravity of only 7.5 and are 
guaranteed to withstand any hydraulic pressure; 
also highly resistant to erosion, corrosion and 
abrasion. 


We are specialists in all kinds of Non-Ferrous 
Castings in PHOSPHOR BRONZE, GUN- 
METAL, MANGANESE BRONZE, ETC. and in 
Light Alloy Castings, Chill-Cast Phosphor Bronze 
Rods and Tubes, Precision Machined Parts, etc. 


Fully approved by Admiralty and A.I.D. 
BI04 


T. M. BIRKETT & SONS. L™° 
HANLEY - STAFFS 


‘Grams: Birkett. Hanley Phone: Stoke-on-Trent 2184-5-6 


in association with 


BILLINGTON & NEWTON LT® 














LONGPORT, STOKE-ON-TRENT 
Re ee ‘Phone: Stoke-on-Trent 8730 a 














TRANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 
The complete manufacture, including galvanizing, is 
undertaken in these works. 


Tees Side 


THE TEES SIDE SRIDGE & ENGINEERING WORKS LTD. 
WORKS & HEAD OFFICE: MIDDLESBROUGH. TELEPHONE: 2021-4 
LONDON OFFICE: 17 VICTORIA ST., S.W.1. TELEPHONE : ABBEY 6!) 
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WDRO-ELECTRIFICATION SCHEME, MOYAR 


hp. Motor... 7 ft. dia. Drum ... Igin. dia. Rope Th. B. WILD R Cope NECHELLS 
Mfp.m. Rope Speed .. . 414-degrees Maximum BIRMINGHAM 7 
Gradient . .. Load 6 tons Hoisting, 18 tons Lowering ee — 


Road 2,200 ft. Long 
Pull in Rope Maximum 30,000 Ibs. 















































Thousands of tons of “Bitumastic” 70 B 
Enamel have been used to protect gas 
and oil pipe lines in America and the 
Middle East. Its outstanding anti- 
corrosive properties have been de- 
monstrated on pipe lines all over the 
World. 


«4 BITUMASTI(” 


: 4 
E : 202 REGISTERED TRADE MARK 
BEY 1613 


AGENTS THROUGHOUT THE WORLD 
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Water power plants lie remote, and often in diffi- 
cult country. Here nothing is so important as 
RELIABILITY, the year-in year-out functioning 
of equipment without trouble or ‘ outage’. 

Switchgear, in particular, is vital. For water power 
schemes, the wide experience, research and manu- 
facturing facilities of Ferguson Pailin are utilised 


in many remote parts of the world. 


Below left; Type BV Switch unit for service up to 11 kV, 250 MVA. 


Below right: Type ROP 54 oil 
circuit breaker for outdoor service 


up to 66 kV. 


FERGUSON PAILIN LTD 


Switchgear Specialists 


MANCHESTER 3 ENGLAND 


A.E.1l. Group of Companies 
FP? 








Member of the 


INTERNAL WELDING is only one example of 


a 


production welding problem solved by Fusarc-planned 


equipment. There are scores of other examples in a wide field 


of 


work, illustrated in Fusarc Production News Sheets, free 


copies of which will be sent regularly on request. 





FUSARC|__— 





MECHANISED WELDING j 








FUSARC LTD., Dept. C. 805, Team Valley, Gateshead-on-Tyne |i 
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THE RAILWAY GAZETTE 
A journal of Railway Management, 
way News. 
Prepaid Annual Subscription £3 10s. Od. 
DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in  dicscl-cngin 
design and diesel railway traction operation. 
Prepaid Annual Subscription 
SHIPBUILDING AND SHIPPING RECORD 
A journal of Shipbuilding, Marine Engineering, Docks, Harbous 
and Shipping. 
Prepaid Annual Subscription £3 10s. Od. Weekly 1s. 64 
POWER AND WORKS ENGINEERING 
A practical journal for Plant Owners, Engineers. and Works 
Managers. Prepa'd Annual Subscription 35s. Monthly 2s. @4 
NEW COMMONWEALTH 
(Incorporating The Crown Colonist) describes and _ illustrates s8- 
nificant developments in production, trade, transportation and 
related spheres in all countries of the Commonwealth, and provides 
a unique service of economic information from 50 countries with 
a total population of 560 millions. 
Prepaid Annual Subscription 24s. Monthly 3 
COLLIERY ENGINEERING 
A practical journal for Colliery Managers and Engineers, and 
maaufacturers of Colliery Equipment. 
Prepaid Annual Subscription 35s 
COKE AND GAS 
A technical jour1al dealing with the scientific and technical prob 
lems involved in the production of coke and gas in coke ovens and 
gasworks, and the industrial uses of these fuels 
Prepaid Annual Subscription 30s Monthly 2s. 64 
THE INDUSTRIAL CHEMIST 
A journal devoted to the progress of 
Engineering Prepaid Annual Subscription 35s 
BUILDING 
A practical journal devoted to Architecture and Building Practice 
Prepaid Annual Subscription 35s. Monthly 2s. 
woop 
A practical journal, authoritatively written, superbly illustrated. 
dealing with the growth, marketing and use of wood in all its forms. 
Prepaid Annual Subscription 35s. Monthly 2s. & 
FOOD 
A journal devoted to the manufacture, packing and marketing 0 
processed foodstuffs, and of the utmost value te firms seowin 
equipment or materials for the food industry 
Prepaid Annual Subscription 35s 
WATER POWER 
A technical journal devoted to the study of all aspects of Hydro 
Electric Development. 
Prepaid Annual Subscription 35s. Monthly 
THE RAILWAY MAGAZINE ‘ 
A popular magazine containing illustrated articles on Railway 
and Locomotives. Published monthly. 
Prepaid Annual Subscription 26% Monthly ® 


All above published at 
33, Tothill Street, Westminster, London, $.W.! 


Engineering, Operation and Rail- 


Weekly 1s. 6d. 


30s. Monthly 2s. 64 


Monthly 2s. 6d 


applied Chemistry and 
Monthly 2s. 63 


Monthly 2s. 
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nple of 

ylanned 

de field Bot down those new machines and get them working right away 

ts, free with Rawlbolts:! Rawlbolts save time—no grouting-in—no waiting 
for cement to harden. Fix the switchgear — wiring — lighting — fire 
and canteen fittings and all similar equipment with Rawlplugs. 
Rawlplugs are the world’s firmest and speediest screw fixings in brick, 


cement, concrete and all solid materials. FIXING DEVICES 


Use Rawlplug Fixing Devices where “‘ speed is the essence of the contract ”’ WRITE FOR YECHNICAL LITERATURE 
B 395 
~Tyne Il THE RAWLPLUG COMPANY LIMITED - CROMWELL ROAD + LONDON «- S.W.7 

















OVERHEAD 


Harbours 
y Is. 6d. 


1 Works 
y 2s. 
rates si8- 
ion and 
| provides 
tries with 
onthly 2s 


“J When handling loads by 4 Made in Single- or Double- 
seo fe \MaN-power you cannot Girder Types and in sizes 
do better than instal a from 3 ~ 30 tons capacity. 
st J VAUGHAN Hand Crane. mene Ae See 
mass TB lEasy to operate, and high factor of safety, 


ly Ss 


awit HB linexpensive to maintain, worm geared hoisting 


| its forms. 


vs* Bithese hard - wearing — 


arketing 0! 


soo HE TUgged products still find 
nly 28. unlimited uses in modern 





THE VAUGHAN CRANE CO. LTD. 
ot Hist WEST GORTON, MANCHESTER 12. 
ny 2 industry ENGLAND. 


Telephone EASt 1473, 
fonthly ® Qsk for Cat. Section 
sw.l SGZ ov DG.5. 


ust HE WATER POWER August 1951 





























A D | Oo 
Allgemeine Elektricitats Gesellschaft 35 Dominion Engineering Co. Ltd. 7 Oerlikon Engineering Company 21 
Allmanna Svenska Electriska Aktie- | E P 
bolaget eee es | English Electric Co. Ltd... 3 |  Pirelli-General Cable Works Ltd. ‘i 
a Engineering Co. ol Escher Wyss Ltd. .- — | Pyrotenax Ltd. ahs 7 
td., e 2 > 
Arrol, Sir Wm. & Co. Ltd. 22 : i ite os a R ; 
Associated Drilling & Supply Co. mane a | Ransomes & Rapier Ltd. ... ~ 
guson Pailin Ltd. , .. 40] . 
(Overseas) Ltd. - | Busere Ltd 40 | Rawiplug Co. Ltd., The 41 
Ateliers de Constructions Electriques ; : | Reyrolle, A. & Co. Ltd. 
de Charleroi 4 G 5 Inside Front Cover 
Ateliers de Construction Méchan- General Electric Co. Ltd. . 6 | Robinson & Kershaw Ltd. . — 
din Vasnw & Gilbert Gilkes & Gordon Ltd. ... — 
iques de Vevey S.A. Ss 
Atlas Diesel Co. Ltd. Glenfield & Kennedy Ltd. Front Cover } 
‘ H | rel eT - 29 
B | : 7 = mit re a . — : — 
, , | Hackbridge & Hewittic Electric Co. ps 
iow, Berti © oe. Ltd. a Ltd. ira ee ae 14 | ao Delle Officine di 
Birkett, T. M. & Sons Ltd. s| Engineering & Ltd. The “9 | South Durham Steel & Iron Co. Ltd. 36 
Blackwood, Hodge J. & Co. Ltd. - : — . aie Standard Telephones & Cables Ltd. 8 
: W. T. Henley’s Telegraph Works andar paones 
Blakeborough, J. & Sons Ltd. 20 —~_ia si a |  Steatite & Porcelain Products Ltd. ~i 
Blaw Knox Ltd. 32 | Holman Bros. Ltd. Inside Back Cover T 
ne = Se. BPS _ K Taylor, Tunicliff & Co. Ltd 25 
ady, G. & Co. Ltd. — | ‘ , : - 
a ) Lhe Loaders Ltd. | Karlstads Mekaniska Werkstad ... — Taylor Woodrow Construction Ltd. — 
British Insulated Callenders Cables L Teeside Bridge & aenttuaainted Works 
Ltd. 34 Leffel, James & Company, The ae Ltd., The... 38 
British Ropeway Engineering Co. Les Constructeurs de Conduites Vv 
Ltd. 42 Forcées Vaughan Crane Co. Ltd. 41 
British gE Co. Ltd. 13 — = Mining ani The, Co. 1s Voith, J. M., G.m.b.H. — 
Brown Boveri & Co. Ltd. 24 
Bruce Peebles & Co. Ltd. - M w : 5 — 
Butters Bros. & Co. Ltd. Metropolitan-Vickers Electrical Co. ao a ea rs mee 9 
C Ltd. - Back Cover | dened Buainened Ltd. scan 
_— | Michell B | 7 
Canadian hey gy _ 31 Millars on, Co. Ltd. 28 Westinghouse Electric International 
Cementation Co. Ltd., The Company TT 
pee or & hg Ropeway Co. Lid. 18 | eae Herbert Ltd. . “+ —~ | Wimpey, Geo. & Co. Ltd. a 
ristian! & Nicisen i | Winget Ltd. _ 
Climax Rock Drill & Engineering ; Newport News Shipbuilding & Dry 39 
Works Ltd. 12 | Dock Co. fi . «1 & Co. Ltd. 
Consolidated Pneumatic Tool Co. North of Scotland Hydro-Electric 
Ltd. 30 | Board ' 7 | Yorkshire Electric Transformer Co. 
Cooke & Ferguson Ltd. 19 Nuttall Edmund Sons & Co. * o- — 
Costain, Richard Ltd. (London) Ltd. ; a ve - | Yorkshire Switchgear é & Engineering 
Crompton Parkinson Ltd. 16 Nydqvist & Holm Akt. oo Co. Ltd. aa — 





INDEX TO ADVERTISEMENTS 











BRECO 


ROPEWAYS 
CABLEWAYS 


Prelude to Power... 


BRECO Ropeways and Cableways provide vital links in the chain 
which converts H,,0 to K.V.A. Short links or long links—BRECO 
can build ropeways for dam building of any capacity or length, 
incorporating every labour saving device Experience counts and 
Breco are the largest suppliers of heavy capacity ropeways in the 
world today. Advice and literature freely and willingly supplied. 


BRITISH ROPEWAY ENGINEERING CO. LTD. 


PLANTATION HOUSE, MINCING LANE, LONDON, E.C.3 Tel. Mansion House 4681-2 
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FIRST IN SERVICE 2 (50 YEARS 





FIRST FOR 
PERFORMANCE 


The Handril— Airleg — Holbit 
Combination 


Since the now world-famous and widely used 
Holman Combination first saw active service it 
has been responsible for a revolution in drilling 
technique. It has made one steel per hole the 
standard of drilling practice everywhere. Capable of 
drilling deep parallel holes in any direction, it cuts 
labour costs and increases output phenomenally. 


NEW DESIGN FEATURE — greatly improved 
control handle, which provides easier operation 
while retaining simple, robust construction. 


/ 
b 


S.L.9D SILVER DART : SILVER BULLET 
Weight : 42 lb. Weight : 48} Ib. Weight : 50 lb. Weight : 58} Ib. 


MAKE SURE you receive prompt information 
about each new Holman development in this field. 
Are vou on our mailing list ? 


HOLBIT. Tungsten Carbide 
Bit. Cross and Chisel Types 
in various sizes from 1 in. 
to 2 in., and in two grades 
of tungsten carbide. 


CAMBORNE. ENGLAND 


PHONE: CAMBORNE 2275 (9 LINES) GRAMS: AIRDRILL, CAMBORNE 


SUBSIDIARY COMPANIES, BRANCHES AND AGENCIES THROUGHOUT THE WORLD HB3 
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Hydro-Electric Plant 


GENERATING 
New Zealand 


These three Metrovick 
33,333 kVA generators 
are installed in the Kara- 
piro station of the N.Z. 
Hydro-electric Dept. 


TRANSFORMING 


India 


Three of the Metro- 

vick 110 kV 3-phase 
outdoor transformers at 

the Pykara hydro-electric 
Station on the Madras 
Government Irrigation and 
Power scheme. 


SWITCHING 
Finland 


220 kV 3500 MVA air blast 
circuit-breakers. installed on a 

Finnish hydro-electric scheme. 

These are the first British - built : 
220 kV circuit-breakers for commercial 4 
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service. 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 


MIE NCLMI@ NM Electrical Equipment for Hydro-Electric Schem : 











